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PREFACE. 


This  volume  comprises  a  course  of  lectures  which  were 
delivered  by  me  before  the  students  of  the  Medical  Depart- 
ment of  the  University  of  the  City  of  New  York  during 
the  winter  of  1880  and  1881.  They  are  presented  to  the 
reading  public,  with  few  alterations,  as  they  were  originally 
reported  for  some  of  the  medical  journals,  and  for  the 
private  use  of  the  author.  The  same  colloquial  style  in 
which  they  were  delivered  has  been  retained,  since  it  is 
believed  that  it  will  thus  better  fill  the  requirements  of  a 
text-book.  I  am  well  aware  that  the  highest  type  of  lit- 
erary composition  is  not  of  this  conversational  character, 
and  that  it  may  be  to  some  readers  a  drawback  rather  than 
an  attractive  feature  in  the  volume ;  but  the  fact  is  also 
recognized  that  the  best  style,  theoretically,  is  not  always 
the  clearest  and  the  most  forcible,  and  that  successful 
teachers  have  often  to  sacrifice  beauty  of  rhetoric  in  order 
to  impart  their  knowledge. 

I  have  departed  somewhat  from  the  custom  of  anatom- 
ical authors  in  making  diagrammatic  illustrations — ^which 
it  is  my  habit  to  draw  upon  the  black-board  before  my 
classes,  in  order  to  make  the  listener  use  the  eye  as  well  as 
the  intelligence  as  a  means  of  gaining  information — a  prom- 
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incfnt  feature  of  this  volume.  I  have  found,  for  some  years, 
that  the  dra%ving  of  illustrations  of  this  character  before 
the  eyes  of  the  student  gave  a  much  clearer  perception 
of  some  o)>3cure  points  than  words  could  effect,  and  had 
a  great  arlvautage  in  this  respect  over  the  most  elaborate 
and  skillfully  executed  plates.  I  have,  therefore,  incor- 
]x>rated  many  of  my  ovra  designing,  and  some  others  which 
have  been  culled  from  different  sources  and  modified  to 
suit  the  demand  of  the  moment.  I  have,  in  some  instances, 
allowed  the  text  to  follow  and  explain  these  diagrams,  as 
if  the  lecture  were  in  actual  progress,  rather  than  to  trust 
the  descriptive  text  of  the  cuts  aloue  to  inteq^ret  their 
meaning. 

The  liberality  of  the  publishers  has  enabletl  me  to  fur- 
ther ornament  the  work  with  the  beautiful  cuts  of  Sap- 
pey  and  Hirschfeld,  some  of  which,  to  my  knowledge,  have 
never  appeared  in  any  American  work,  while  I  am  indebted 
to  my  friend  Professor  Austin  Flint,  Jr.,  for  some,  culled 
from  the  same  authors,  which  have  appeareil  in  his  work 
upon  physiolog}',  and  to  my  colleague  and  friend  Professor 
William  A.  Hammond  for  some  of  the  admirable  photo- 
graphs and  wocxlcuts  in  his  elalx>rate  treatise  on  nervous 
diseases.  I  desire  also  to  express  my  indebteilness  to  my 
friend  Profeasor  E.  C.  Seguin  for  some  late  monographs 
and  some  excellent  diagrams,  and  to  the  works  of  Charcot, 
Ferrier,  Bro%\Ti-Se(iuard,  Rosenthal,  Hammond,  Foster,  Hil- 
ton, Flint,  and  others,  as  well  as  to  the  autlu>rs  of  such 
valuable  monographs  as  those  of  Turck,  Hugliliugs-Jack- 
»on,  Vulpian,  Pitres,  Duret,  Dcxlds,  Nothuagel,  Duchenne, 
Lockhart  Clarke,  Flechsig,  and  Erb,  for  the  valuable  as- 
sistance which  I  have  deriveil  from  their  lalH)rs.  It  has 
been  my  intention,  as  far  as  possible  without  disfiguring 
the  text,  to  give  all  creilit  to  those  authi>rs  who  have  a 
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just  claim  to  priority,  where  the  originality  of  any  matter 
is  discussed,  and  to  acknowledge  my  indebtedness  to  author 
for  extracts  in  foot-notes  scattered  throughout  the  volume. 

The  rapid  strides  which  are  being  made  in  the  inter- 
pretation of  the  symptoms  of  nervous  diseases  and  the 
introduction  of  many  new  terms  which  must  embarrass  the 
reader  of  late  treatises,  unless  he  be  educated  up  to  the 
present  standard  of  knowledge  in  this  field  of  medicine, 
seem  to  the  author  a  reasonable  ground  for  belief  that  there 
is  a  demand  for  a  volume  which  shall  fit  the  practitioner 
and  student  to  pursue  his  studies  in  this  special  line  with- 
out embarrassment,  if  not  with  increased  interest. 

I  have  endeavored  not  to  lose  sight  of  the  fact  that 
the  basis  of  the  work  was  an  anatomical  one,  and  that, 
while  the  clinical  points  could  be  explained  chiefly  by  anat- 
omy, the  treatment  of  nervous  diseases  had  no  place  in  the 
volume.  For  the  reason,  also,  that  the  aim  of  the  work 
is  of  a  practical  character,  much  detail  of  a  purely  de- 
scriptive kind  has  been  deemed  unimportant  in  some  in- 
stances ;  while,  again,  facts  which  are  too  often  slighted  in 
descriptive  treatises  have  been  here  given  with  unusual 
detail,  as  they  seemed  to  me  to  suggest  points  of  inter- 
est which  had  been  overlooked  or  intentionally  omitted 
by  others. 

It  is  not  to  be  expected  that  many  points  stated  in  the 
physiology,  symptomatology,  or  even  in  the  anatomy,  will 
not  be  open  to  discussion,  and,  possibly,  to  contradiction. 
It  is  almost  impossible,  to-day,  for  any  two  disputants  upon 
nervous  affections  or  nervous  physiology  to  fail  to  find 
support  for  either  side  in  the  literature  of  the  subject; 
but  the  statements  which  this  volume  contains  will,  it  is 
to  be  hoped,  receive  the  concurrence  of  those  most  ad- 
vanced in  this  line  of  study. 
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With  what  merits  or  demerits  the  volume  may  possess, 
I  intrust  it  to  the  public,  conscious  that  an  effort  to  clear 
up  a  field  made  obscure  by  \dsionary  theories  and  endless 
specidation  can  not  but  contain  some  ground  to  which  ex- 
ception may  be  taken.  To  what  extent  it  will  supply  the 
place  of  a  guide  in  this — the  labyrinth  of  medical  science 
— experience  alone  must  decide. 

Ambrose  L.  Ranney. 

New  Yobk  Cut,  156  Madison  Avenue, 
April  10,  1881. 
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tion to  deglutition  and  speech ;  its  relation  to  smell ;  its  re- 
lation to  hearing ;  its  relation  to  respiration. 
Its  filaments  of  distribution. 
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THE  SPINAL  NERVES  ..... 
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its  origin,  course,  surgical  relations,  and  physiological 
function.  Clinical  points  pertaining  to  the  upper  cervical 
nerves:  cervico-occipital  neuralgia;  diaphragmatic  neural- 
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ner cord  of  the  brachial  jilexus;  table  of  the  branches  of  the 
posterior  cord  of  the  brachial  plexus.  The  anterior  thorcLcie 
nerves:  their  distribution ;  their  clinical  aspects.  The  exter- 
nal or  mttsculo-cntaneous  nerve :  its  course  and  distribution 
to  muscles ;  its  cutaneous  distribution ;  its  relation  to  the 
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and  articular  branches.  Clinical  points  afforded  by  it :  cir- 
cumflex paralysis;    deltoid  atrophy.      The  musculo-spiral 
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nerte:  its  origin,  course,  and  distribution.  Its  terminal 
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The  genilo-erural  nerte:  its  origin,  course,  and  distribution. 
Clinical  points  afforded  by  it.  The  anterior  crural  nerte: 
its  origin,  course,  and  distribution;  its  physiological  func- 
tion; \U  distribution  to  joints;  its  cutaneous  branches. 
Clinical  points  afforded  by  it:  its  surgical  relations;  its  rela- 
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GENERAL  INTRODUCTIOIS^. 

THE  NERVOUS  SYSTEM  CONSIDERED  AS  A  WHOLE,  AND 
THE  AXIOMS  OF  NERVE  DISTRIBUTION. 


GEI^EEAL  II^TEODUCTIOK 


Gentlemen:  The  subject  of  the  nerves,  which  has  been 
chosen  as  the  theme  of  my  winter's  course  of  lectures,  is  one 
which  probably  comprises  more  points  of  practical  interest 
than  any  other  portion  of  anatomy.  I  say  of  practical  inter- 
est, because  there  is  hardly  a  field  of  medicine  or  of  surgery 
where  the  nervous  system  does  not  help  to  explain  many  of 
the  symptoms  which  might  otherwise  tend  to  possibly  mis- 
lead the  practitioner,  and  where  it  does  not  also  afford  invalu- 
able aid  in  the  diagnosis  of  obscure  affections  which  might 
remain  unrecognized,  without  a  knowledge  of  the  nerves  and 
of  their  distribution  and  function,  till  the  opportunity  of 
relief  to  the  patient  has  passed. 

The  distribution  of  those  small  nerve  filaments  which  sup- 
ply the  skin  of  the  body  with  sensation,  and  thus  allow  of  the 
perception  of  external  impressions,  such  as  those  of  heat,  cold, 
pain,  and  touch,  possesses  to-day  an  importance  which  is  not 
confined  to  the  researches  of  the  physiologist,  but  which  the 
advanced  physician  and  surgeon  are  both  keenly  alive  to 
grasp  in  all  its  practical  detail. 

In  every  work  now  published  upon  diseases  of  the  nervous 
system,  you  will  find  plates,  which,  in  less  modem  treatises, 
have  no  analogue ;  which  plates  are  designed  to  show  the 
situation  of  certain  motor  points  on  the  cutaneous  surface  of 
the  different  anatomical  regions  of  the  body,  where  the  elec- 
tric current  can  be  best  applied  to  accomplish  certain  desired 
effects. 


i  OEXERAL  IXTRODUCTIOX- 

The  important  relationship  wliich  exists  between  the  nerves 
of  the  skin,  the  muscles  underneath  it,  and  the  joints  which 
those  muscles  move,  is  affording  the  enlightened  physician  a 
means  of  tracing  the  seat  of  obscure  affections,  by  the  use  of 
certain  general  rules  governing  the  neiTe  snpjtly  of  the  body, 
with  a  degree  of  accuracy  and  ease  which  strikes  those,  not 
familiar  with  the  method,  as  remarkable. 

The  investigations  of  Charcot,"  Ferrier,'  Brown-Sequard,' 
Broca,*  BouiUaud,*  Andral,*  and  a  host  of  others,  have 
awakened  the  pi-ofession  to  the  fact  that  many  of  the  old 
ideas  of  the  physiology  of  the  brain  and  the  spinal  cord  are 
radically  wrong  ;  and  that,  by  symptoms  referable  to  certain 
anatomical  regions,  the  existence  of  disease  in  certain  corre- 
sponding parts  of  the  brain  or  spinal  cord  may  be  positively 
localized.  To  what  extent  this  new  guide  to  diagnosis,  given 
us  by  means  of  exjMjrimenta  calculated  to  determine  the  pre- 
cise distribution  of  the  nervous  system,  may  be  developed  in 
the  future,  time  alone  will  show  ;  but  we  have  already  am]))e 
proof  that  some  positive  information  of  a  practical  character 
has  been  gained,  and  much  advance  has  been  made  in  the 
accurate  knowledge  of  the  anatomy  of  the  nervous  centers. 

When  we  consider  that  every  act  which  distinguishes  the 
animated  Iving  from  the  corpse  is  dependent  upon  the  inflo- 
enre  of  the  nerves,  and  that,  without  these  electric  wires,  the 
heart  would  cease  to  throb,  the  lungs  no  longer  i>erfonn  their 
function,  the  eye  no  longer  lie  capable  of  vision,  the  ear  no 
longer  perceive  sound,  and  that  smell,  taste,  expression,  and 
movement  would  cease  to  exist,  we  can  then  understand  how 
much  of  physiological  interest  must  center  around  this  special 
stiidj',  and  how  necessary  is  the  thorough  understanding  of 
the  distribution  and  function  f>f  the  individual  nenes,  if  we 


<  "  t><XKl!i*tiiui>  dan*  Ic*  malaille)  u^rebralc»." 
'  "  FiiDctlnDii  of  Uip  Ilrain  " ;  "  Lnollulion  of  Ci^ivhrkl  Pi«i>a»c." 
'  "  LMlnm  on  thu  Plijololngini  pKiliology  of  the  Br«iD." 
'  "  Hull,  de  U  Sor.  Anat.."  18A1. 

'  "Hecberches  flxptHtomulM  mir  Im  foncUoM  du  fcrte»u."     " 
^0."  r«ri(,  ISSn.     "Trail*  d*  l'Enc*iih«liW,"  P«ri»,  1833. 
*"CUtiiqaeMtillMlc." 
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ever  hope  to  attain  a  comprehensive  grasp  of  the  general  plan 
of  our  construction. 

Dnring  the  last  session,  I  closed  my  course  of  lectures  with 
a  description  of  the  general  construction  of  nerves  and  the 
anatomy  of  the  human  brain.  It  will  assist  us,  in  oar  study  of 
the  distribution  and  practical  utility  of  the  separate  nerves  of 
the  body,  to  hastily  review  the  main  classifications  of  nen-es 
and  the  genei-al  plan  upon  which  the  nervous  system  is 
formed. 

The  nervous  system  of  the  human  race  consists  of  the  fol- 
lowing component  parts : 

r  ( Brain. 

The  cerebro-spinal  I  Medulla  oblongata. 
1st.  Cerebro-spinal  J  axis:  (  Spinal  cord, 

system.  1 

The  motor  nerves. 
[  The  sensory  nen-es. 
2d.  The  sympathetic  nerve. 
3d.  Various  ganglia,  connected  with  siiecial  nerves. 

The  cerebrospinal  axis  includes  those  nerve  centers  in- 
closed within  the  cavities  of  the  cranium,  and  of  the  spinal 


Fio.  1. — Kent Jthtrt  from  the  human  mbjcel  ,■  maffaified  300  diamden.     (KuUiker.) 
Four  Bmall  Gbere,  of  which  two  are  varicose,  one  Tncdiuni.9izcd  fiber  wiib  borders  of  sin- 
gle contour,  and  four  large  fibers;  of  tUc  Utter,  two  bare  a,  double  contour  and  two 
contaJD  grsDular  miittcr. 
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nerve;  15,  whmcaillary  ganglion;  16,  17,  superior  laryngeal  nerve;  18,  external 
laryngeal  nerve;  19,  20,  recurrent  laryngeal  nerve;  21,  22,  28,  anterior  branches  of 
the  upper  four  cert  teal  nertfes,  tending  f laments  to  the  superior  cervical  sympatJiette 
ganglion;  24,  anterior  brandies  of  IM fifth  and  sixth  cervical  nerve  sending  filament s 
to  tne  middle  cervical  aanglion  ;  26,  26,  anterior  brandies  of  the  seventh  and  eiglUh 
cervical  and  the  first  aorsal  nerves^  sending  fiiammts  to  tlie  inferior  cervical  ganglion  ; 
27,  middle  cervical  ganglion  ;  28,  cord  connecting  the  ttoo  ganglia  ;  29,  inferior  cei^i- 
eal  gangliofi ;  80,  ^\^  filaments  connecting  this  with  the  middle  ganglion  ;  82,  superior 
cardiac  nerve  ;  88,  middle  cardiac  nerve  ;  84,  infet%or  cardiac  nerve  ;  86,  35,  cardiac 
plexus  ;  86,  ganglion  of  the  cardiac  plants  ;  87,  nerve  foUowina  the  rigid  coronary 
artery  ;  88,  88,  iniercottal  nerves  with  their  two  filaments  of  communication  xdih 
the  thoracic  ganglia  ;  89,  40,  41,  g^-eat  splanchnic  nerve  ;  42,  lesser  splanchnic  nerve  ; 
43,  48,  solar  plexuB  ;  44,  left  pneumogastric ;  46,  right  pneumogastric ;  46,  lower  end 
of  the  phrenic  nerve  ;  47,  section  of  the  right  bronchus ;  48,  arch  of  the  aorta ;  49, 
right  auricle;  60,  right  ventricle;  61,  62,  pulmonary  artery;  53,  right  half  of  the 
stomach ;  54,  section  of  the  diaphragm. 

column,  viz.,  the  brain,  medulla  oblongata,  and  spinal  cord. 
The  second  component  part  of  the  cerebro-spinal  system,  viz., 
the  motor  nerves,  are  efferent  nerveSy  which  carry  the  impulses 
of  the  nerve  centers  to  the  muscles.  The  third  component 
part,  the  sensory  nerves,  are  afferent  nerves^  which  carry  only 
sensory  impressions  from  the  periphery  of  the  body  to  the 
nerve  centers,  viz. ,  to  the  brain  or  spinal  cord. 

The  sympathetic  nerve  *  comprises  a  continuous  chain  of 
nerve  fibers  and  ganglionic  enlargements,  which  extends  from 
the  head  to  the  coccyx,  on  both  sides  of  the  spinal  column, 
and  which  is  in  constant  communication,  along  its  course, 
with  branches  of  the  cerebro-spinal  system  of  nerves.  It  sup- 
plies branches  to  various  ganglia  of  the  thorax  and  abdomen, 
and  helps  to  fprm  the  plexuses  of  nerves  which  ramify  upon 
the  coats  of  all  the  principal  blood-vessels^*  and  which  accom- 
pany them  throughout  the  length  of  their  course.  It  is  by 
means  of  these  plexuses  upon  the  blood-vessels  that  the  sym- 
pathetic nerve  is  enabled  to  control  the  involuntary  muscular 
fibers  within  the  coats  of  the  blood-vessels,  and  thus  to  regu- 
late the  vascular  supply  of  the  various  tissues  and  organs  of 
the  body ;  and  the  nerve  fibers  of  the  sympathetic  are  there- 
fore often  called  the  "nerves  of  organic  life,"  since  they  regu- 
late the  life  of  tissues  by  controlling  their  blood  supply,  while 
the  cerebro-spinal  nerves  are  contradistinguished  as  the 
'*  nerves  of  animal  life,"  since  they  control  those  acts  which 
are  essential  to  the  life  of  the  individual,  such  as  muscular 

'  See  Fig.  2  and  Fig.  8. 
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movement,  respiration,  etc.  The  frequent  communication  "be- 
tween the  sympathetic  nerves  and  those  of  the  cerebro-spinal 
system  renders  the  actions  of  the  two  systems  in  perfect  ac- 
cord, and  thus  supports  the  universal  law  of  harmony  which 
is  so  beautifully  illustrated  in  all  the  works  of  Nature. 

The  cerd>ro-spinal  nerves  comprise  those  which  escape 
from  the  foramina  of  the  cranium,  called  the  cranial  nerves, 
and  those  which  are  given  off  from  the  spinal  cord,  which 
escape  from  the  spinal  canal  by  means  of  foramina  between 
the  laminffi  of  the  vertebrie,  called  the  "inter- vertebral  fora- 
mina." These  latter  nen-es  are  called  spinal  nerves,  in  con- 
tradistinction to  the  cranial  nerves. 

All  of  the  spinal  nerves  arise  by  two  roots,  thus  indicating 
that  they  ar^  provided  ■with  both  motor  and  sensory  fila- 
ments, the  former  of  which  constitute  the  an- 
terior and  the  latter  the  posterior  root ;  while 
the  cranial  ner\-e8  are,  in  some  instances, 
similarly  constructed,  as  to  having  two  dis- 
tinct roots,  while  others  have  only  one.  The 
reason  of  this  anatomical  variation  is  ex- 
plained by  the  fact  that  some  of  the  cranial 
nerves  are  destitute  of  motor  fibers,  some  of 
sensory  fibers,  while  others  are  endowed  with 
a  special  function,  such  as  sight,  smell,  hear- 
ing, and  taste. 

In  the  course  of  lectures  which  I  propose 
to  deliver  before  you  this  winter,  it  is  my  in- 
tention not  only  to  give  the  anatomical  ori- 
gin, coarse,  and  distribution  of  the  various 
nerves,  but  also  such  points  of  practical  value 
as  may  be  suggested  in  connection  -with  each, 
which  wiU  aid  in  remembering  the  peculi- 
arities which  each  presents,  and  possibly  to 
guide  you  in  your  practice  at  the  bedside  of 
the  sick. 

The  study  of  the  practical  bearing  of  the 
distribution  of  the  nerves  is  to-day  assuming 
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an  importance  in  diagnosis  which  can  not  be  over-estimated ; 
while  the  physiological  phenomena  prodnced  by  them  have 
a  direct  influence  upon  the  proper  performance  of  all  those 
functions  of  the  body  which  may  be  considered  as  vital  to  it. 
It  is  claimed  by  John  Hilton '  that,  if  we  trace  the  dis- 
tribution of  the  motor  nerve  filaments  from  any  special  ner\-e 
trunk  to  the  muscles,  we  shall  find  that  only  those  muscles 
are  supplied  by  each  of  the  individual  nerves  which  are  re- 
quired to  render  the  performance  of  the  functions,  for  which 
that  nerve  was  designed,  complete ;  and  that,  if  muscles  were 
classified  on  a  basis  of  their  nerve  supply,  instead  of  in 
groups  of  mere  relationship  as  to  locality,  a  self-evident  phy- 
siological relation  would  be  shqwn  which  would  tend  greatly 


FlU.  B.— .l/bc/e  o/ IrnuinaliuH  0/ the  tiiolor  Htrvei:     (IU)ii)^t.) 

A,  primitive  furiciiluii  of  the  thTrohjoid  iiiu^^rle  of  tlic  human  subject,  nnd  its  neire 

tube:  I,  1,  primilive  muwular  fuclciiluH;  2,  nerve  tube;  3,  ntedulUry  subfitMioc  of 
ibo  lube,  which  id  seen  cileniling  to  tlie  terminal  plnle,  sherc  it  ili'apiiearH ;  4,  tcr- 
tnintl  plate  Hiluateil  liene&lh  the  Hareuiomma,  thai  U  tu  »ay,  betncen  il  inil  the  cli'- 
nicntirj  fibrillic;  D,  S,  xarci •lemma. 

B.  priiiiltirc  faiciculuH  of  the  inltTcwitni  niun-le  of  the  Hzan],  in  which  a  nerre  tube  tor- 

minateH;  1,  I,  i-healb  of  (he  ncnre  tube;  i,  niu-leuR  of  the  nhentb  ;  3,  3,  rarvolcmma 
bci'uniini;  continuous  with  the  nhealh ;  4,  nir<lutlHrj  nubstanct:  of  the  ucrre  tubi'  eeip- 
inf;  abruptly  at  the  nilc  ot  tbc  terminni  pUlc ;  Ti,  (t,  tenninal  pinte ;  S,  0,  nuolel  of 
the  plate;  T,  7, |;rjnu1nr  RubHlance  whieli  forms  the  iiHncipal  cIvmcDlot  lb«  icnniniil 

Clate,  nnd  which  is  continuous  with  the  imU  cyiiiuler;  S,  H,  unitulaliims  of  the  sarco- 
muia  reproducing  ihoM-  o[  the  Sbrilln.';  9,  U.  nuclei  of  the  snreolemiua. 

to  simplify  a  knowledge  of  the  muscular  system  in  its  prac- 
tical bearings,  and  to  prove  a  design  on  the  jjart  of  the 
Creator. 

"*  BMt  and  raiD,"  London.    (N'ew  York,  ld7».) 
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Thus,  he  says,  we  frequently  find  muscles  close  together 
and  still  supplied  by  separate  nerves,  one  of  which  has  possi- 
bly to  go  a  long  way  out  of  a  direct  course  to  reach  it,  which 
is  contrary  to  the  usual  method  of  Nature,  who  always  em- 
ploys the  simplest  means  to  accomplish  her  designs ;  but,  if 
we  examine  the  action  of  these  two  muscles,  we  shall  find 
that  each  one  acts  in  unison  with  the  other  muscles  sup- 
plied  by  the  same  nerve,  and  that  to  produce  this  perfect 
accord  Nature  takes  what,  to  a  hasty  glance,  would  seem  to 
be  a  needless  step. 

He  also  lays  down  certain  axioms,  pertaining  to  the  distri- 
bution of  nerves  and  the  diagnostic  value  of  pain,  which  will 
be  often  repeated  in  these  lectures,  and  can  not  but  be  most 
profitable  to  those  who  use  them  as  a  guide.  They  are  as 
follows : 

^^Superficial  pains  on  both  sides  of  the  body^  which  are 
symmetrical,  imply  an  origin  or  cause,  the  seat  of  which  is 
central  or  bilateral;  while  unilateral  pain  implies  a  seat  of 
origin  which  is  one-sided,  and,  as  a  rule,  exists  on  the  same 
side  of  the  body  as  thepain.^^ 

The  bearings  of  this  first  axiom  will  be  rendered  far  more 
apparent  when  the  regions  of  the  neck  and  trunk  are  con- 
sidered, since  the  symptom  of  local  pain  is  of  the  greatest 
value  in  connection  with  diseases  affecting  the  bones  of  the 
spinal  column  and  the  spinal  cord  which  they  invest ;  but  the 
same  rule  may  be  applied  to  any  of  the  cranial  nerves,  with  a 
degree  of  certainty  which  seldom  admits  of  error. 

Thus  Hilton  reports  a  case  where  a  fracture  of  the  base  of 
the  skull,  involving  the  orbit,  produced  amaurosis  and  tension 
of  that  region,  with  extreme  local  pain.  A  grooved  probe, 
I)assed  along  the  roof  of  the  orbit,  revealed  pus,  as  was  sus- 
pected to  exist,  which  was  evacuated  by  the  separation  of  the 
blades  of  an  ordinary  dressing  forceps. 

As  further  examples  of  this  axiom,  a  toothache  may  thus 
accompany  an  inflamed  condition  of  the  temporo-maxillary 
articulation,  or  it  may  create  it.  Again,  opium  introduced 
into  the  auditory  canal  will  often  instantaneously  relieve 
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tootharlie  and  stiffness  of  the  jaws,  by  having  a  narcotic  effect 
upon  the  peripheral  filaments  of  the  same  nerves,  whose  main 
trunks  are  distribnt<?il  to  the  other  regions  mentioned  as  re- 
lieved. 

Severe  earache  may  result  directly  from  the  nervous  irri- 
tation of  a  diseased  tooth,  since  the  filaments  of  the  fifth  ner\'e 
are  distributed  to  both  the  ear  and  the  teeth,  and  thns  pain 
may  be  felt  at  a  point  apparently  discopnected  from  the  seat 
of  irritation. 

Earache  ia  frequently  the  result  of  malignant  ulceration 
of  the  tongue,  since  both  regions  receive  a  portion  of  their 
nervous  supply  from  the  fifth  cranial  nerve. 

Tlie  second  axiom  is  as  follows : 

"  The  same  trunks  of  nerves,  whose  hrancJies  supply  the 
<^ro\ips  of  muscles  moving  a  joint,  furnish  also  a  distribution 
of  nerves  to  the  skin  over  the  insertions  of  the  same  muscles  ; 
and  the  interior  of  the  joint  /tioved  by  these  viusdes  reedves 
a  nerve  supply  from  the  same  source," 

By  this  axiom,  a  physiological  harmony  is  created  betwe«] 
these  various  cooperating  structures.  Thus  any  joint,  when 
inflnjued,  may,  by  a  reflex  act  through  motor  branches  de- 
rived from  the  same  trunk  by  which  it  is  itself  supplied,  con- 
twl  the  muscles  which  move  it,  and  thus  insure  the  rest  and 
ijuiet  necessary  to  its  own  reimir. 

Spots  of  local  tenderness  in  the  cutaneous  surface  niay, 
for  this  reason,  likewise  be  often  considered  as  a  guide  to  a 
sounre  of  irritation  of  some  of  the  stnictures  supplied  by  the 
same  nerve,  viz.,  the  muscles  underneath  it,  or  the  joints 
wJiich  are  moveil  by  them  :  and  thus  even  remote  affections 
can  be  accurately  determinetl.  which,  were  this  axiom  not 
used  as  a  guide,  might  escape  recognition  till  an  advanced 
stage  of  the  disease  had  been  reached. 

It  iH  well,  however,  to  quote  one  other  axiom,  laid  down 
by  the  same  author,  Ijefore  leaving  the  subject  of  the  diag- 
nostic value  of  the  cutaneous  nerves  as  indicators  of  existing 
disease  of  other  organs,  vii. : 

"■  Every  fascia  of  (he  body  has  a  muscle  or  musi^es  at- 
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tacked  to  it^  and  eoery  fascia  must  he  considered  as  one  of 
the  points  of  insertion  of  the  muscles  connected  to  it^  in  fol- 
lowing the  previous  axiom  as  to  the  cutaneous  distribution  of 
nerves." 

This  guide  is  especially  important  in  case  the  rule  should 
be  applied  to  the  extremities  (arms  and  legs)  where  these  fasciae 
extend  over  large  surfaces,  more  or  less  remote  from,  and  ap- 
parently unconnected  with,  the  muscles  attached  to  them ;  but 
it  is  mentioned  in  this  connection,  for  the  special  object  of 
calling  your  attention  to  those  general  rules  which  govern 
the  distribution  of  the  nerves  in  their  entirety,  before  proceed- 
ing to  apply  them  in  all  their  individual  bearings. 

Without  this  nervous  association  between  the  muscular 
structures  and  those  composing  the  joints,  there  could  be  no 
intimation  given  by  the  internal  parts  of  their  exhaustion  or 
fatigue.  Again,  through  the  medium  of  this  same  association 
between  the  skin  and  the  muscles,  great  security  is  given  to 
the  joints,  by  the  muscles  being  made  aware  of  the  point  of 
contact  of  any  extraneous  force  or  violence.  Their  involun- 
tary contraction  instinctively  makes  the  tissues  surrounding 
the  joints  tense  and  rigid,  and  this  brings  about  an  improved 
defense  for  the  sub-adjacent  joint  structures. 

.  From  the  conclusion  of  his  great  work,  in  which  Hilton  * 
endeavors  to  prove  that  mechanical  rest  may  be  used  as  a 
cure  for  most  of  the  surgical  disorders,  the  following  sen- 
tences are  quoted,  since  they  can  not  be  too  often  repeated  : 

"I  have  endeavored  to  impress  upon  you  the  fact  that 
every  pain  has  its  distinct  and  pregnant  signification  if  we 
will  hut  carefully  search  for  it, 

"Prom  the  pain  which  follows  the  intrusion  of  a  particle 
of  dust  on  to  the  conjunctiva,  and  the  closure  of  the  eyelid 
for  the  security  of  rest,  up  to  the  most  formidable  diseases 
which  we  have  to  treat,  pain  the  monitor,  and  rest  the  cure, 
are  starting  points  for  contemplation,  which  should  ever  be 
present  to  the  mind  of  the  surgeon." 

Let  us  now  pass  to  the  special  consideration  of  the  brain 

>  Op.  cU. 
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and  each  of  the  twelve  nen'es  of  the  eranium,  and  note  \ 
more  important  facts  presented  by  each,  which  may  tend  to 
elucidate  its  function,  or  to  explain  many  dii-ect  and  reflex 
phenomena  which  are  often  of  great  value  in  the  diagnosis  of 
obscure  aifeetions. 

Later  in  the  course,  we  will  consider  the  anatomy  of  the 
spinal  cord  and  the  neiTes  which  arise  from  it,  noting,  in  each 
instance,  such  ]X)ints  as  tend  to  elucidate  the  function  of  the 
part  under  consideration,  and  also  such  clinical  facts  as  can 
lie  constantly  applied  in  your  daily  association  with  the  sick, 
when  difficult  questions  of  diagnosis  arise,  or  when  valnnble 
su^^stions,  as  to  the  methods  of  ti-eatment  employed,  seem 
to  be  the  direct  outgn>wth  of  your  anatomical  study. 

Some  three  years  since,  my  friend  Professor  E.  C.  S^nUl 
addressed  a  class,  in  beginning  a  course"  ui)on  a  somewhat 
similar  subject,  with  words  of  counsel  and  earnest  pleading 
for  higher  professional  attainments,  which  are  well  worthy  of 
repetition,  I  therefore  quote  them  to  you  in  the  same  spirit, 
trusting  that  they  will  kindle  in  you  a  renewed  vigor  and  en- 
thusiasm in  this  special  department  of  science : 

"  In  practice,  when  we  have  completed  the  examination  of 
a  patient,  several  questions  are  put  to  us  by  the  patient,  by 
his  friends,  or  by  ourselves.  These  are,  in  chronological  order : 
Is  there  disease  i  ANTiere  is  the  disease  (  ^^^lat  is  the  disease  i 
\Vhat  are  we  to  do  for  the  cure  of  the  disease  or  for  the  relief 
of  the  patient ;     AVill  thn  iiatient  die  or  recover  ( 

"Of  these  questions,  the  one  which  our  client  and  the 
world  at  large  consider  the  most  important  is  the  fourth — that 
relating  to  treatment  and  cure.  Tliia  preference  is  natural, 
but  highly  unscientific  ;  it  is  a  manifestation  of  that  untrained 
mental  action  which  demands  results  and  scorns  methoda, 
which  welcomes  empirical  achievements  (provided  they  be 
agreeableV  and  which  c<tnducea  to  the  perjiel nation  of  quack- 
ery of  all  kinds.  Hut.  to  the  physician  who  is  not  a  mere  pre- 
scription writer,  who  aims  at  infusing  as  much  scienw  into 

'  ncllmnd  bctoN  ibe  iMilctiU  at  tbo  Colli'gc  of  PhnlcUiM  aikI  Sargooni  u(  Nca 
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his  practice  as  possible,  and  who  believes  that  he  is  not  in  the 
world  for  the  purpose  of  gratifying  his  patients  at  so  much 
per  visit,  but  that  he  owes  himself  a  debt  of  training  and  self- 
culture,  and  who  has  a  sincere  regard  for  science — to  such  a 
physician  the  first  three  questions  assume  a  justly  great  im- 
portance. Pray  observe  that  I  do  not  say  paramount  impor- 
tance, but  great  importance.  And  the  superiority  of  the  hu- 
manitarian over  the  scientific  duty  becomes  less  glaring  if  we 
bear  in  mind  the  truth — ^and  I  firmly  believe  it  to  be  such — 
that  success  in  treatment  now  dei)ends,  and  in  the  future  will 
still  more  closely  depend,  ujKjn  the  scientific  study  of  the  hu- 
man subject  in  health  and  disease.  In  other  words,  I  would 
impress  you  with  my  own  conviction  that  the  best-trained  and 
most  scientific  physician,  if  he  be  not  a  closet  student  and  the- 
orizer,  is  the  best  practitioner. 

"We  occasionally  hear  of  an  over-fine  diagnosis,  of  ex- 
treme caution  in  the  treatment  of  disease,  and  of  the  sweeping 
application  of  physiological  laws  to  practice  by  men  who  are 
said  to  be  '  too  scientific '  ;  but  who  can  number  the  errors,  nay, 
the  sacrifices  of  life,  which  must  be  laid  at  the  door  of  the 
falsely  so-called  'practical  men,'  who  despise  learning  and 
scientific  methods?  Those  of  us  who  see  something  of  the 
rarer  and  more  formidable  kinds  of  disease  fully  realize  that 
in  medicine,  as  probably  in  other  applicable  sciences,  igno- 
rance leads  to  rashness  and  crudity  in  practice,  while  ripe 
knowledge  conduces  to  success,  or,  at  any  rate,  to  caution  in 
prognosis  and  expectancy  in  treatment. 

*'0f  the  three  diagnostic  questions  —  Is  there  disease? 
Where  is  the  disease  ?  What  is  the  disease  ? — the  second  is 
the  one  which  forms  the  key-note  of  these  lectures.  A^Tiere 
is  the  lesion  producing  the  disordered  actions  or  symptoms  ? 
The  method  to  be  followed  in  arriving  at  the  solution  of  this 
question  varies  somewhat  in  different  departments  of  medi- 
cine. Some  lesions  can  be  seen  by  the  trained  unaided  eye, 
or  felt  by  the  skilled  hand ;  the  seat  of  others  can  be  deter- 
mined by  auscultation  and  percussion,  by  the  aid  of  instru- 
ments, such  as  the  ophthalmoscope,  laryngoscope,  si)eculum, 
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etc.  But,  in  the  study  of  the  nervous  system,  greater  difficul- 
ties are  met  with ;  we  are,  to  a  great  extent,  deprived  of  these 
physical  aids ;  we  can  not  appreciate  the  condition  of  the 
brain  and  spinal  cord  directly  by  our  special  senses,  but  only 
by  a  proper  interpretation  of  the  way  in  which  the  functions 
of  these  parts  are  performed.  In  other  words,  the  diagnosis 
must  be  made  chiefly  by  reasoning." 

To  the  words  above  quoted,  I  can  add  nothing,  save  an 
earnest  endeavor  to  so  place  the  subject  matter  before  you  as 
to  render  it  within  the  grasp  of  your  full  comprehension,  pro- 
vided you,  in  turn,  earnestly  seek  to  master  it. 


THE  BRAIIS^. 

ITS  ANATOMY,  FUNCTIONS,  AND  CLINICAL  ASPECTS. 


THE    BEAI^q". 


It  is  with  a  sense  of  the  difficulty  of  this  task  that  I  en- 
deavor to  select,  from  an  enormous  amount  of  experimental 
research  regarding  the  anatomy  of  the  encephalon,  or  brain, 
such  points  as  seem  to  be  of  special  interest,  or  which  may 
be  made  a  basis  of  reasoning  when  circumstances  arise  that 
demand  analytical  inquiry  into  the  probable  cause  of  any  dis- 
eased condition  which  may  exist.  The  anatomy  of  the  brain 
is  so  complex  that  it  can  be  treated  of  to  advantage  only  by 
a  minute  and  fully  illustrated  description,  such  as  can  be 
found  either  in  exhaustive  anatomical  works  or  in  treatises 
upon  the  special  descriptive  anatomy  of  the  nervous  system. 
In  addition  to  this  cause  of  impediment,  we  are,  as  yet,  igno- 
rant of  the  exact  structure  of  many  of  its  parts,  and  also  of 
the  arrangement  and  physiology  of  other  portions. 

The  brain  consists  of  a  number  of  ganglia  which  are  con- 
nected with  each  other,  and  also,  by  means  of  the  different 
columns  of  the  spinal  cord,  with  the  motor  and  sensory  nerves 
of  the  head,  the  trunk,  and  the  upper  and  lower  extremities. 
The  functions  of  some  of  these  separate  ganglia  are  more  or 
less  completely  understood ;  but  there  still  exist  masses  of 
gray  substance  scattered  throughout  the  brain,  the  special 
physiological  bearings  of  which  are  as  yet  obscure  or  com- 
pletely unknown.  The  gray  matter  of  the  hemispheres  of  the 
cerebrum  has  been,  and  still  is,  a  source  of  perplexity  to  the 
experimental  physiologist ;  and  while  the  fact  seems  proven 
that  distinct  portions  of  this  large  expanse  of  gray  matter 
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have  each  some  special  fnnction,  it  is  stUl  impossible,  aa  yet, 
to  say  positively  what  the  properties  of  each  locality  are. 


—A  dial/ram  oflhi  brain  in pr-ifih.  (Modifieil  from  Qunin.) 
Thia  cerebrum  i»  rrprcHonted  in  ihia  diniirain  ns  ncpaiBted  froni  Ihe  crrebcUum  more 
than  It  nattirnllv  BhDtild  be,  id  order  to  show  certain  im[>ortnnt  psrtM.  A,  tlie  eerr- 
bmm  ;  I!,  Ihe  nrrhellum  ,-  C,  Ihc  ;»i«  Vfirolil ;  D,  llic  niflulla  Mongala  ;  E,  the 
n-iu  renbri  ;  F,  the  otivarfi  boJii  :  G,  the  tiibi  renin  qiiadrigemina  ;  8,  Vat:  JituHrt  of 
Si/ltiui  ;  B,  thi-  Jisinrr  of  liolanih  ;  a,  pe'luHclr*  of  arebfuiii  ;  b,  mpfrior  Btduxdn 
of  Ihe  crribrllum  :  e,mUldlc  /^limde  of  l/ir  crrebr/ium  ;  <l,  itijinor  juduatla  o/ iJu 
ccrtbellum  ;  b,  E,  u,  fui'iu  the  iit/iimu  auxfJuM.  , 

If  we  confine  onrselves,  then,  strictly  to  the  limits  of  posi- 
tive information,  we  can  recognize  only  the  following  parts  aa 
distinct  ganglia:'  1.  Tlie  gray  matter  of  the  cerebral  hemi- 
spheres ;  2.  Tlie  gray  matter  of  the  (vrebellum  ;  3.  The  olfac- 
tory ganglia;  4.  The  gray  matter  of  the  corpora  striata;  5. 
The  gray  matter  of  tlie  optic  thalami ;  0.  The  tubercula 
quadrigemina ;  7.  The  gray  matter  of  the  pons  Varolii,  or  the 
tuber  anmilare  ;  8,  The  ganglion  of  the  mefUiIla  oblongata.' 

There  are  other  parts  of  the  enrephalon  which  have  been 
the  field  of  R]>pculation  and  investig-ation,  but  the  positive 
knowledge  gained  has  l>een  of  a  purely  anatomical  character,' 
and  little  is  yet  known  of  their  physiological  import.     As  will 

'  ?«!  Fi^s.  8,  7,  and  S  of  thin  volume, 

*  Darling  anU  Rannt'j,  "Eaaenttala  of  Anatomy."  G.  P.  Putnam's  Son*:  Xew  Yort, 
18811. 

'  Sec  nniclea  by  Flci/luig,  Liucbka,  Charcol,  Lockliart  Clarke,  Dallon,  SpluLo,  wtd 
HMDj  utltcrs. 
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be  mentioned  in  the  description  of  the  deep  fibers  of  origin' 
of  some  of  the  cranial  nerves,  the  anatomical  arrangement 
may  often  suggest  hypotheses  wliich  are  attractive,  and  which 
tend  to  explain  the  object  which  Nature  had  in  view  in  so 


Fin.  1.— Vertical  tecHon  of  Vutnte/^uJoii.  (HiiflchfeM.) 
I,  mtdntla  Mongata  ;  2,  tvber  aiumlare  ;  3,  cerebral  peduncle  ;  4,  eereiiellum  ;  G,  aque- 
duct of  Sylvius;  6,  Talre  of  V^iou^aeas  ;  1,tubereuta  guadi-iifemiiia  ;  6,  pineal ffland  ; 
».  inferior  pedujtcle  ;  10,  ^tperior  peduncle  ;  1 1,  middle  portion  of  Ihe  great  cerebral 
fissure  ;  12.  optic  thalamut  ;  13,  13,  |^ra;  commimure  ;  14,  choroid  plexus;  IB,  intun- 
dibulum;  16,  pituilarii  bodii  :  17,  tuber  dnereum  ;  18,bulb  of  the  tomii;  19,  ante- 
rior perloratcd  space  ;  2n,  root  of  the  motor  oculi  communia;  SI,  opUc  nerve;  22, 
materior  commiiisure  of  the  cerebrum  ;  23,  foramen  of  Monro ;  24,  sectioa  of  the  for- 
nii ;  20,  iqitvm  luddum  ;  26,  27,  28,  earpva  ealtomm  ;  29,  30,  31,  32,  S3,  34,  eoavo- 
luliatu  and  mid  of  the  eerebmm.  The  olfactor;  ganglia  and  corpora  striata  are  not 
shown  io  ^19  section. 

constructing  the  part ;  yet  many  of  these  theories  depend 
upon  well-observed  clinical  facts  rather  than  upon  experi- 
mental research. 

The  limited  8i)ace  of  time  which  we  can  devote  to  this 
course  of  lectures  will  preclude  the  inseri:ion  of  much  that  is 
purely  anatomical,  and  thus  a  full  comprehension  of  many 
of  the  points  mentioned  may  be  rendered  difficult,  unless  you 
occasionally  consult  some  of  tlie  text-books  upon  that  sub- 
ject, in  case  any  of  the  terms  used  are  unfamiliar.  Many 
statements  may  also  appear  somewhat  dogmatic,  since  it  will 

'  See  Lectures  on  "  Optic,  Third,  and  Hfth  Xerrcs,"  in  particular. 
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not  be  possible  to  enter  into  all  the  methods  of  inTestigation 
from  which  some  of  the  conclusions  have  been  drawn,  or  to 
quote  authorities  in  support  of  every  proposition  where  there 
chances  to  be  a  conflict  of  opinion. 

Wekjht  of  the  Bkain  and  of  its  Component .Pakts. — 
That  the  shape  of  tlie  cranium  may  be  employed  to  estimate 
the  relative  size  of  the  different  parts  of  the  encephalon,  and 
that  the  circumference  of  the  head  and  tlie  height  of  the  sknll 
above  the  oritice  of  fie  ear  may  also  relatively  indicate  the 
measurement*  of  the  c«rebnim  and  its  basal  ganglia  (which 


'l/'l 


y^y^l 


z-^' 


.  .t:,"  \: 


Fill.  S. — A  rliaffnon  of  brai' 
cnia  («tvhri ;  3,  iDloni*!  capmilf 
rallMiim ;  1.  N,  lenilcular  niw  .  -      t  ^- 

flnl  fnmtil  ouDTOliitluTi ;  T',  wwnA  rmntal  vmrnliilfoD  i  1    ,  third  rnoul 
hitlon  \  T,  Snt  (cmporal  contolniioti ;  T",  iwcuod  lciii|>or«J  codvululloa 
leniporal  convotuilon :  II.  gjru*  htppocunpL 


H  Iraruireriu  vfrtical  *rr1ioH.     (Atler  DbIUd.) 
X,  optic  thilaniiw ;  4,  corpus  Mriatum :  ('  r,  ttirptw 
^  flscure  of  Sylviu*.  Fo,  eyrua  fnnilnktu*;  " 


are  inclosed  within  it),  have  already  been  pointed  o»t  in  pre- 
vious lectures  which  I  have  delivpred  Ijefore  you.  The  varia- 
tion«  in  the  skulls  of  the  different  nations  indicate  an  amount 
of  bmin  which  w  in  the  direct  ratio  to  the  fjwial  angle  of 
Camper.'  The  aveni^  weight  of  the  bmin  of  a.  he^Uthy  adult 
of  the  Caucasian  race  has  hettn  given,  by  most  of  the  proml- 


o  llw  "  UBluaUgy  u(  ih 


"  Unlical  Bocoid,"  OeW- 
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seven  years,  then  less  rapidly  until  the  age  of  forty  is 
reached,  when  it  attains  its  full  development,  and  after  that 
age  it  decreases  in  weight  about  one  onnce  for  every  period 
of  ten  years. 

The  comparative  weights  of  the  component  jiarts  of  the 
eticephalon  are,  in  approxinaate  figures,  about  one  fiftieth  of 
the  entire  weight  for  the  pons  Varolii  and  the  medulla  oblon- 
gata, taken  together ;  one  teiUh  of  the  entire  weight  for  the 
cerebellum  ;  iind  the  balance  of  the  total  weight  for  tlie  cere- 
brum and  the  basal  ganglia  inclosed  within  ita  Rnbstance. 
These  projMji-tions  alao  show  a  slight  variation  in  the  two  aexes,, 
but  not  to  so  marked  an  ext«nt  as  to  i-ender  this  statement  far 
from  a  correct  one. 

It  may  be  stated,  as  a  rule,  that  the  relative  proportion  of 
the  cerebrum  to  that  of  the  cerebellum  is  greater  in  the  intel- 
lectual races  ;  and  that  the  cerebrum  is  developed  in  individ- 
uals in  ])roportion  to  their  intellecttial  power,  although  tin- 
absolute  size  may  not  be  taken  as  a  guide  to  the  quality  of  th? 
mind,  since  it  is  undoubtedly  true  that  the  brain  can  I>e  im- 
proved, in  quality^  by  exercise,  as  well  as  the  muscuhir  tissue. 
That  there  are  important  individual  differences  in  the  quality 
of  the  generating  nervous  matter  is  evidenced  by  the  fact  thai 
some  small  brains  luitually  accomplish  moi-e  and  better  work 
than  laiger  ones,  and  that  many  women  often  show  a  higher 
degree  of  mental  acumen  than  men.  in  spite  of  the  fact  that 
they  have  brains  which  are  lighter  in  avoirduixiis. 

From  the  most  carefully  ju-epared  table  of  the  weight  of 
brain  substance  jKJssessed  by  men  of  renown  as  intellectual 
giants,  as  well  as  those  which  revealed  an  unusual  develop- 
ment of  brain  after  death,  rontjiined  in  the  work  of  u  promi- 
nent author,"  the  following  interesting  fm^ts  are  reve;ded  : 

The  heariest  brains'  on  record  (where  the  statements  are 
to  \tvi  relied  ajton  i  were  poasesswl  by  a  congenital  iml)ecllt'  and 
an  ignonint  bricklayer,  both  of  whom  outweighed  Cuvier  and 

'  A.  Flint.  Jr.,  "  T«it  Book  of  Phrgidogj."    D.  ApplntoD  A  Co.,  N«w  fork. 
■  Con{^nlUl  tmtttcllc,  ■fccil  ihin*.  lut  ounrca  of  brain  subsUBcri  britklajer,  •! 
mioom;  CuWor,  041  oanca;  Abcrcramblc,  as  ouncn :  Wcbiicr,  ftS)  aanoM;  AgMib. 
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Aljercrombie  ;  while  a  boy  of  thirteen  years  of  age  had  fiv« 
ounces  more  brain  than  Webster  and  Agaasiz.  Sach  a  tablofl 
shows  the  utttT  absurdity  of  att-empting  to  apply  to  individu-l 
als  the  rule  that  the  greatest  brain  power  is  possessed  by  thtil 
one  possessing  the  greatest  amount  of  brain  substance. 


\yf^^ 


i^'S-iS^^il'"" 


Fiij,  1(1. — CoKvoluiioTU  on  Hie  internal  atprrt  of  the  hanuphirea.  (After  Stppcy.) 
1,  Fmnul  lobe ;  2,  gphenolilsl  lobe ;  3,  3.  eaniolatioii  of  tlie  curpus  callosuia ;  1, 4.  ooi 
lutiODB  (oni>[ng  Ihe  midille  group  of  Ihc  Jolei-nal  surfua-;  fi,  5,  conToluliong  of 
■nterktr  group  ;  B,  coaroluCiona  of  the  poslerior  group ;  T.  sulcus  Heparaling  Ihe  t 
die  fram  Ihc  posteriur  group ;  S,  xulcua  sepaTatiag  the  Motarior  and  the  middle  group : 
9,  oeolion  of  the  oorpuB  onlloauni;  10,  genu  of  the  GorpUH  ollo^uin;  11,  rostrum  of 
the  (MHinia  callosum;  li,  posterior  extrcmlt}!  of  the  ourpns  callosum;  13,  fornix; 
14,  Mction  of  Uie  fornix;  lit,  left  tmlerior  crua  at  the  fornix,  passing  Into  the  iaCer- 
n«t  wall  of  the  optic  thalamiig,  lo  roach  tho  coirMpnnding  corpus  altHCsna — courai.- 
Indicated  by  a  dotted  Itoc ;  IS,  forsnien  of  Honra;  IT,  corpus  altHcans.  in  which  the 
anterior  crus  of  the  fornix  bends  upon  itself,  in  the  form  of  b  figure  of  eight,  to  be 
lost  in  the  substance  of  t)ia  optic  tlinlamus;  IS,  septum  lucidum:  IS,  section  of  tbe 
ohoroid  plexus ;  sn,  plncfil  gland  ;  21,  left  superior  pedunuld  of  the  same 
tion  of  tite  gray  cammiSKurc  of  the  third  ventricle ;  23,  lubcrcula  qnudrigeuiinn,  al 
wblldl  are  seen  the  ptni>al  gland  nith  its  interior  peduncle  and  the  posterior  i 
missore ;  31,  section  <if  the  anterior  coionitssurc ;  2S,  aqueduct  of  Syliius :  S6, 
tion  of  the  vnlve  of  Vieussons;  27,  fourth  Tcntrlole;  'i8.  S8.  section  of  the  mi 
lobe  of  Ihe  cereliellura ;  20,  arbor  vitir;  30.  corpus  cinereum;  31,  pituitary  bodyu 
33,  opUc  n«rve ;  33,  pons  Varolii :  34.  medulla  oblotigata, 

THE  CEREBRUM. 
The  cerebrum  Alls  the  anterior  and  the  mi<ld!e  fossje  of  thttj 
8knU.  and  that  portion  of  the   occipital  region  which  li« 
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above  the  tentorium  cerebelli,  since  that  membrane  supports 
its  posterior  part.  Its  gray  matter  is  not  alone  confined  to  its 
exterior  surface,  where  it  covers  all  of  the  convolutions  and 
the  sulci  between  them,  but  it  is  also  present  as  two  distinct 
collections,  in  the  region  of  the  floor  of  the  brain  called  the 
corpora  striata^ '  and  the  optic  thalami.  To  these  latter  col- 
lections of  gray  matter  the  term  ''  basal  ganglia  "  is  applied, 
on  account  of  their  relative  situation  within  the  substance  of 
the  cerebrum. 

While  it  will  enable  you  to  more  clearly  understand  the 
functions  of  those  parts,  concerning  which  experiment  or 
clinical  observation  has  gained  positive  knowledge,  by  study- 
ing each  of  these  basal  ganglia  apart  from  the  cerebrum,  still 
the  general  relation  of  the  component  parts  of  the  hemispheres 
will  have  to  be  first  mentioned,  in  order  to  properly  appreci- 
ate the  bearing  of  facts  which  will  be  discussed  later  in  this 
chapter. 

The  gray  matter  which  covers  the  exterior  portion  of  each 
hemisphere  of  the  cerebrum  is  connected  with  white  nerve 
fibers,  which  may  be  divided  into  two  classes  ;  the  first  of 
which  can  be  ti'aced  from  the  various  parts  of  the  exterior  of 
the  cerebrum  toward  the  basal  giinglia,  while  the  second  com- 
prise certain  curved  commissural  fibei^s,  which  pass  into  the 
white  substance  for  a  certain  dei)th,  and  then  return  to  the 
gray  matter  of  the  surface,  tlius  serving  to  c(mnect  different 
convolutions  with  eacli  otlier.  Tlie  fii-st  set  mentioned  are 
called  '''  converging  fibers,'''  since  all  the  different  points  upon 
the  large  expanse  of  surfacv  of  the  cerebrum  send  fibers  which 
pass  through  either  tlie  corpus  striatum  or  tlie  optic  thalamus 
of  the  same  side/  and  th(*y  thus  i)resent  a  converging  appear- 
ance, on  an  ai)propriate  section  of  the  bmin  being  made.    We 

'  This  panglion,  in  each  heini!*phen»,  consists  of  two  portion^*,  called  the  "  caudate  nu- 
cleus "  and  the  *'  lenticular  nucleus,"  which  are  separated  from  each  other  by  the  Bo-called 
"  Internal  capstilc  "  of  the  crrchruin.  These  siibilivi^jions  arc  shown  in  Fig.  8  of  this 
volume. 

•  This  stat«*ment  is  only  a|)|)roximately  correct,  since  the  internal  capsule  ia  probably 
the  chief  path  for  these  fibers.  To  what  extent  the  basal  ganglia  arc  directly  aAflOciated 
with  the  fibei*a  of  the  cortex  is,  as  yet,  an  unsolvinl  problem. 
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know,  from  clinical  facts  a-ssociated  with  cases  of  cerebral 
haemorrhage  and  cerebral  softening,  that  the  cerebrum  mnst 
receive,  by  means  of  certain  of  these  converging  fibers,  sensory 
impressiGiis  from  other  parts,  as  the  normal  perception  of 
external  objects  is  sometimes  destroyed  ;  while  we  also  know 
that,  in  the  same  type  of  cases,  motor  impulses  are  often  de- 
loyed.  thus  proving  that  motor  libers  ai-e  also  inclnded 
mong  those  which  pass  through  the  internal  capsule  or  the 
basal  ganglia.  I  think  it  can  be,  thei-efoi-e,  safely  stated  that 
the  association  tetween  tlie  gray  matter  of  the  rerel>nim  and 
>oth  the  motor  and  sensory  nerve  fibers  is  considered  as 
proven,  although  some  doubt  may  still  exist  as  to  the  i)rerise 
Dourse  of  these  fibers. 


Fl(i,  11.— JHu^ramnalic  rcprcscnlalion  of  llir /U-r 


KimoTloNs  OF  THE  CKREBRrM. — At  the  present  day  we 
3  in  possession  of  a  sufficient  number  of  facts,  derived  from 
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clinical  observation,  pathological  research,  and  experimental 
investigation,  to  render  it  certain  that  no  intelligence  can  ex- 
ist without  brain  substance ;  that  the  destruction  of  brain 
substance  impairs  intellectual  power;  and  that  the  normal 
use  of  the  brain  implies  a  degeneration  of  its  substance  and 
a  constant  process  of  regeneration,  as  exists  in  all  tissues. 

It  was  formerly  supposed  that  the  cerebrum  was  destitute 
of  both  sensation  and  irritability,  since  experiments  seemed  to 
show  that  no  pain  was  experienced  by  removal  of  portions  of 
the  hemispheres,  nor  convulsive  movements  produced  by  direct 
stimulation  of  either  the  white  or  gray  matter.  It  has  there- 
fore been  claimed  that  the  hemispheres  could  be  called  into 
action  only  in  response  to  a  sensory  impression  transmitted  to 
its  cells  through  sensory  nerves,  and  that  it  was  incapable  of 
transmitting  or  appreciating  artificial  forms  of  stimulation. 
In  1870,  however,  Fritsch  *  and  Hitzig'  discovered  that  certain 
parts  of  the  gray  matter  of  the  hemispheres  of  the  brain  of  a 
dog  responded  to  a  weak  galvanic  current,  and  these  investi- 
gators were  thus  enabled  to  locate  centers  where  certain  well- 
defined  movements  could  be  produced  at  will.  These  experi- 
menters found  (1)  that  the  centers  of  motion  were  always 
confined  to  the  anterior  parts  of  the  hemisphere  ;  (2),  that 
the  action  on  muscles  was  a  crossed  action^^  i.  e.,  on  the  side 
opposite  to  the  stimulation ;  and  (3),  that,  after  severe  haemor- 
rhage, the  excitability  of  the  gray  matter  disappeared,  thus 
possibly  accoimting  for  the  negiitive  results  of  previous  ex- 
perimenters in  the  same  line. 

The  centers  of  motion  discovered  by  these  experiments 
seemed  to  be  connected  with  parts  which  were  widely  sepa- 
rated, and  arranged  with  little  apparent  system ;  thus  the 
muscles  of  the  neck  were  found  to  respond  to  galvanism  of  a 
center  in  the  middle  of  the  frontal  convolution,  while  the  cen- 

'  Reichardt  u.  dii  Bois-R.iymondN  "  Archiv,"  1870. 

Mlitzijr,  *' DoM  Oehim,"  1874. 

'  Hrown-Scuiuanl  has  shown  that,  in  exceptional  cases,  this  law  may  be  not  sustained 
bv  clinical  facts.  **  Lancet,"  1S76.  The  anatomical  researches  of  Flechsig,  however,  tend 
to  explain  the  exceptions  to  the  general  rule  (sec  pages  of  this  volume  referring  to  the 
fibers  of  the  medulla  oblongata). 
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ter  adjoining  it  caused  a  response  in  the  extensor  and  abduc- 
tor muscles  of  the  fore-leg,  and  others  in  movements  of  the 
eye  and  face.  Perrier*  has  of  late  repeated  and  confirmed 
the  experiments  of  these  German  investigators.' 

The  effects  of  removal  of  the  cerebral  hemispheres  of  ani- 
mals have  been  studied  largely  upon  birds  and  the  monkey 
tribe,  and  with  results  which  are  comparatively  uniform. 
Without  entering  into  detail  as  to  all  the  effects  which  follow 
such  a  procedure,  in  case  the  basal  ganglia  are  left  intact,  the 
general  result  may  be  given  as  follows :  The  animal  seems  to 
be  able  to  execute  all  the  movements  natural  to  it,  even  when 
complex  coordination  of  movement  is  required ;  but  the  intel- 
ligence seems  to  be  impaired,  and  some  unusual  stimulus  must 
be  present  to  prompt  any  attempts  at  motion.  As  a  result  of 
this  conclusion,  the  mechanism  of  codrdination  of  movement 
is  evidently  not  situated  in  the  cerebral  hemispheres. 

Flourens,*  from  a  series  of  experiments  made  in  1822  and 
1823,  concluded  that  the  removal  of  the  cerebrum  entailed  an 
entire  loss  of  will  power  and  also  of  the  perceptive  faculty, 
and  that  the  memory  was  utterly  destroyed.  Bouillaud,*  in 
1826,  proved  the  error  of  Plourens  as  regards  the  perceptive 
faculties,  as  sight  and  hearing  were  shown  to  be  unaffected ; 
and  these  results  were  still  further  made  manifest  by  the  re- 
searches of  Longet,  *  who  proved  also  that  taste  remained. 

A  careful  study  of  the  phenomena  which  accompany  cer- 
tain pathological  lesions  of  the  brain  in  the  human  subject, 
such  as  laceration  or  pressure  from  the  effusion  of  blood,  soft- 
ening of  the  cerebral  substance,  etc. ,  if  taken  in  connection 
with  the  results  of  experiments  upon  living  animals,  throws 
considerable  light  upon  the  functions  of  certain  distinct  por- 
tions of  the  encephalon. 

»  "  West  Riding  Reports,"  1873  ;  "  Functions  of  the  Brain,"  1876. 

*  A  large  number  of  disfinct  centals  of  motion  are  mapped  out  by  this  author  on  a 
diagrammatic  chart.    The  reader  is  referred  to  Fig.  16  of  this  volume. 

*"Recherche3  exp^rimentales  sur  les  propridtfes  et  les  fonctionsdu  syst^mc  nerveux," 
Paris,  1842. 

*  "  Recherches  expcrimentales  sur  les  fonctions  du  cerveau." 

*  "  Anatomieet  physiologic  du  syst^me  nerveux,"  Paris,  1842. 


IlteTnorrhuge  within  the  brain  subxtance  most  commonly 
affects  the  corpus  slnatum.  or  the  optic  thalamus  ;  and  it  is 
now  considered  prolmble  that,  when  the  foi-mer  ganglion  is 
pressed  upon,  paralysis  of  motion,  limited  to  the  aide  of  the 
body  opposite  to  the  lesion,  is  present,  while,  if  the  latter 
ganglion  is  pressed  upon  or  destroyed,  the  sensation  of  the 
side  of  the  body  opposite  to  the  lesion  is  proportionally 
impaired.'  These  faets  illustrate  the  general  course  of  lH)tli 
the  motor  and  sensory  fibers  through  the  cerebrum,  and  their 
relation  to  the  basal  ganglia  or  the  intenial  capsule. 

In  those  exceptional  cases  of  hienion'hage  where  the  while 
or  the  gray  substance  of  tlnj  cerebral  hemispheres  is  alone 
involved,  without  any  pressure  being  exerted  upon  the  basal 
ganglia  or  the  internal  cajisule,  no  jtarajysis  of  either  niotioc 
ur  sensation  is  usually  produced,  although  a  certain  amount 
of  weakness  may  often  be  perceived  in  the  muacles  of  the 
side  of  the  body  opposite  to  the  seat  of  the  hjenioiThage. 

Softening  of  the  cerebral  hemispltrres  and  the  degenera- 
tive changes  which  often  follow  an  extnivasation  of  blood 
into  tiieir  substance  are  geuenilly  indicated  by  alterations  in 
the  jntelle^'tual  condition  of  the  patient,  thus  confirming  the 
physiological  ejcperiments  upon  tlie  hemispheres.  Among 
the  maay  forms  in  which  tliis  impairment  of  intellect  may 
l»e  manifested  are  recognized  an  iuipainiient  of  meinorj'  ;  h 
tardy,  inaccurate,  and  feeble  connection  of  ideas ;  an  irritabili- 
ty of  temper,  with  a  childish  susceptibility  to  petty  or  imagi- 
nary annoyances  ;  esisily  excitetl  emotional  manifestations ; 
and  a  variety  of  phenomena  denoting  abnormally  feeble  iu- 
telleotnal  power.' 

Ilnghlings- Jackson '  has  shown  that  there  is  clear  evidence 
to  prove  that  disease  of  the  gniy  mart«r  of  the  convolutions  of 
the  hemispheres  of  the  cerebrum  may  not  only  produce  rf«- 
tiriuni,  as  in  meningitis,  but  sometimes  mnvulsions.  either  of 

>  Thla  effect  on  wiuitlicin  mi<I  morioa  is  »ipl>ini>il  hf  •. 
«/  pnsanrfl  upon  tlip  8b*r»  of  Ui"   tnfemo/   ot/iriilr,  kn.l  ui 

'  \.  Flint,  Jr.,  op.  ril. 

■  "  {.undan  (lutii.  RaporU,"  1S<M  :  "  Cliii.  nod  Phja.  Rc»mdlc^"  1HT8. 
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an  epileptiform  character  or  confined  to  particular  groups  of 
mascles. 

lAndols'  and  Hitzig'  both  announced  the  fact  that,  when 
the  motor  areas  upon  the  convex  surface  of  the  cerebrum, 


FlO.  12. — A  dtaffraiamalU ^^re,  shoieing  Uir  cerebral  ermvoljilions.  (After  Dalton.) 
&,  Flunre  ot  Sylvius,  with  iu  tvo  branches  a  and  b,  b,  b ,-  R,  Gseurc  of  Rolando ;  P,  pn- 
rielo-occipital  ^ure ;  1,  1,  1,  the  first  or  xiiperior  frontal  conTolution ;  2,  2,  '2,  2, 
the  Becond  or  middle  frontal  convolution:  3,  3,  3,  the  third  frontnl  convolution, 
curring  »™uDd  the  aacending  limb  of  the  Bsaurc  ot  Sjlvius  (eenter  o/ sperth) ;  4,4,4, 
ascending  frontal  (anterior  central)  convolution  ;  S,  fi,  G,  ascending  parietal  (pos- 
terior central)  convolution ;  6,  fl,  fl,  supra-Sylvian  convolution  (porietal  lobule), 
which  is  continuous  with  7,  T,  T,  the  firnt  (  sup  o  emporal  convolution  ;  8,  6,  6, 
the  angular  convolution  (or  gjrue),  the  probab  een  J  vtaon,  which  bcoomes 
contiauoua  with  9,  9,  U,  the  middle  tempo  a  n  oluti  n  10,  the  third  or  in^ 
ferior  temporal  convolution  ;  11,  II,  (he  supeno  pa  et>l  supra^marginal)  convo- 
lution; 12,  12,  12,  the  superior,  middle,  and  nfeno  oc  p  al  contoluiions  (called 
also  the  flr«t,  second,  and  third).  It  is  to  b*.  ren  nbe  cd  hat  the  term  "  g/rus  "  is 
■jnoDTmouB  with  convolution,"  and  that  b  h  erms  se  often  inicrcbangod.  This 
out  maj  well  be  compared  with  that  of  F  n  wh  npp  ars  in  the  general  eum- 
mary  of  the  clinical  pnintx  of  the  brain. 

which  control  the  movements  of  the  extremities,  are  excised, 
a  Hse  in  the  temperature  of  the  corresponding  limbs  takes 

'  Virchow's  "Archiv,"  1876. 
•  Ab  quoted  bj  Foster. 
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place  and  lasts  for  some  months.  A  relationship  has,  more- 
over, been  observed  between  the  brain  cortex  and  the  beat  of 
the  heart  (Balogh ') ;  an  alteration  in  the  arterial  pressure 
(Bochefontaine*) ;  contraction  of  the  bladder,  spleen,  and 
uterus ;  an  increase  in  the  flow  of  the  saliva ;  and  a  dilating 
effect  upon  the  pupil.  The  exact  localization  of  some  of  these 
latter  centers  can  not,  as  yet,  be  considered  as  positive. 

Stimulation  of  the  cerebral  surface  has  been  observed  to 
result  in  a  well-marked  hceviorrhage  of  the  lungs  by  Noth- 
nagel.* 

Ferrier*  describes  a  "visual'  center,  the  destruction  of 
which  creates  blindness  of  the  opposite  eye  ;  an  ^'  avditory^ 
center;  a  ^'' tactile'^  ^  center;  centers  for  smell  bil^  taste;  and 
even  a  center  for  the  sensation  of  hunger. 

The  center  of  articulate  speech  is  perhaps  one  of  the  most 
definitely  settled  points  in  cerebral  localization ;  and  this  is 
all  the  more  interesting,  since  this  is  the  only  sharply  defined 
faculty  which  has,  as  yet,  been  definitely  localized.*  There 
are  two  fonns  of  aphasia,  which  are  clinically  recognized,  viz., 
the  amnesic  and  the  ataxic  varieties.  In  the  former,  the 
memory  of  icords  is  utterly  lost,  so  that  the  patient  is^not 
only  unable  to  express  his  ideas  in  articulate  sounds,  but  he  is 
also  unable  to  write  them,  thus  showing  that  the  words  them- 
selves have  been  forgotten.  In  the  ataxic  variety,  however, 
the  memory  of  words  still  remains,  but  the  ability  to  so  coordi- 
nate the  muscles  of  articulation  as  to  pronounce  the  words  is 
impaired,  so  that  the  person  so  afflicted  can  write  his  ideas 
intelligently,  but  can  not  utter  them.  In  either  of  these  con- 
ditions, the  disease  which  causes  it  must  affect  the  center  of 
the  muscles  of  articulate  sj)eech  or  the  center  of  articulate 
s]>eech  itself.  It  is  not  to  l>e  confounded,  however,  with 
other  diseases  where  the  ability  to  talk  is  apparently  al>sent« 
su(*h  as  occurs  in  the  insane  (who  often  refuse  to  converse 
fmm  mere  obstinacy),  in  those  types  of  paralysis  which  affect 

»  Hofmann  «jn«l  .SohwallH''?*  »'  Doricht,"  1876.         '  "  Archives  dc  Physiol.,"  1876. 
»  "Cbl.  iiicd.  Wiss.,'  Is71.  *  Op.  cit. 

*  Some  Ijite  authors  rct'u>c  their  concurrence  with  this  statement,  art  several  cMes  haTe 
been  rejwrted  which  tend  to  justify  a  doubt  as  to  it.-*  atXMiracy. 


FlU.  VJ.—S>-uclu,-c  o/(/i.'  eo.if<,la!i,»i.',.  IAEut  riiiillnigcr.) 
the  flix  sttcniMtc  gny  nod  while  It^ere  in  Ihe  cortic«l  iubslancc  of  thi-  cnnvolutiona ; 
2,  enlarged  MclioD  of  a  conrolutioa — the  left  balf  in  acen  bj  reflected  light — laj'er* 
unu^efl  as  in  the  preceding  fi^re — In  the  right  half,  seen  bj  iranamitl^d  light,  ihe 
nwdullnr;  la  vers  are  rendered  diirli  bj'  their  opacit; — tlie  layers  of  qny  substance,  on 
the  oltior  hand,  which  are  iranstucent,  are  rcpresent^il  in  white ;  3,  seution  of  a  oon- 
rnlution  ahowing  the  unequal  ihickneM  of  the  white  hfem — at  first  sight  onlj  tbre« 
lajcn  can  bo  distinguished,  two  graj  and  an  intervening  nhite  layer — more  attentive 
eiuninatiun  ahowa  six  layers,  the  supcrfidal  and  deep  white  layers  being,  boireviTi 
nvf  narrow ;  4,  seution  of  a  convolntion  showiog  the  three  layors  of  gray  matter 
obseirod  by  Vicq  d'Aiyr  in  the  oceipital  lobe ;  S,  [endency  to  radiation  shown  by  the 
white  fibers  in  the  gray  tnatler  of  the  convnl-utiona ;  6,  lection  of  a  cerebral  oonvolu- 
tion  in  a  newly  bom  infant,  seen  by  reflected  light — it  presents  an  homogeneous 
appearance ;  7,  same  aeetion  seen  by  transmitted  light — prcaents  tlic  same  stratificn- 
tiun  and  tendency  to  radiation  which  are  observed  in  the  adult, 

Iroca.'  Some  twenty-five  years  before  he  made  the  profession 
live  to  the  investigation  of  the  subject,  however,  the  same 
lipairment  or  loss  of  speech  was  shown  to  be  a  frequent 
ccompaninient  of  hemiplegia  of  the  right  side  of  tiie  body  by 
louillaud  and  MarcDax';  and  in  1863,  or  thereabout,  the 

'  Broca,  "  Bui.  dc  la  Soc, 

*  A  paper  rend  before  llii-  Mediral  Congrcse 
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views  of  Broca  and  of  Hiighluiga-Jmikson  '  were  given  to  the 
profession,  in  which  they  btith  limited  the  lesion  of  aphasia 
to  the  parts  8U])plied  by  the  left  middle  cerebral  artery.  In 
1863,  the  investigations  also  of  the  son  of  Marc  Dax  *  located 
the  lesion  somewhere  in  the  anterior  or  middle  portion  of  the 
frontal  kibe  of  the  left  side,  and  the  results  of  still  more 
recent  investigations  upon  the  subject  seem  to  jioint  to  the 
"island  of  Reil"  as  the  most  frequent  seat  of  this  peculiar 
tyjie  of  paralysis. 

Viewing  the  fact  that  articulate  speech  is  a  thing  learned 
by  use,  it  has  been  suggested  that,  in  most  persons,  one  side 
of  the  brain  only  has  l)een  educated  for  that  purpose ;  that 
we  are,  in  fact,  l^-bTahied  in  i-espect  to  speech  in  the  same 
way  that  we  ai-e  right-handed  in  ivspect  to  many  bodily 
movements,'  In  support  of  this  theory  the  ]iatho1ogiciil 
fjict  is  adduced  that,  in  most  jx-ople,  the  left  Iiemisphen.' 
of  the  cerebrum  is  larger  and  more  convoluted  than  the 
right. 

While  it  is  demonstrated  that  the  cerebral  lesion  iu  apha- 
sia involves,  in  the  great  majority  of  cases,  the  left  side,  still 
there  have  been  sevemi  isAfv»  recorded  where  the  right  side 
has  been  shown  txj  have  been  the  seat  of  disease,'  Such  dis- 
coveries tend  to  cast  a  doubt  upon  the  left  side  being  more 
closely  connected  with  the  power  of  articulate  speech  than  the 
right  side,  and  some  nnatoniista  have  endeavored  to  explain 
the  frequency  of  the  lesion  upon  the  left  side  of  the  brain  aa 
a  result  of  the  fact  that  emiioli  (which  are  the  most  frMquent 
cause  (if  the  disturbance  to  those  jmrt-H  supplied  by  the  middle 
ivrebral  artery)  find  a  much  more  direct  cnurne  uptcard  ujmn 
the  left  side  than  upon  the  right,  in  consequence  of  the  angle 
at  which  the  innominate  artery  le-aves  the  arch  of  the  aorta, 
which  favors  the  jKi.Hs.ige  of  an  embolus  ht/  rather  than  iiUo 
\is  mouth:  while  the  left  carotid  art^^ry  is  situated  at  the 

>  Ilui;lirin£ikJtfltMin,  "  Clinical  uiiJ   Diruolflgical   RpiPBrt-'hcs  on  tbe  Nemn*  9f*- 

*  U.  U.  D>l.  M  iiiiolvd  b;  Vto&As  anJ  A.  Flint,  Jr. 

'  MWi.  FoiiWr.  o/i.  rll, :  Vrnim,  "  Fnocilons  of  tlif  Bmln." 

*  RdjJ.  RrwMlt-'iiI,  ilnWmar.  Mci«D«.  Boflln. 
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highest  part  of  the  arch,  and  its  mouth  is  so  directed  as  to 
arrest  rather  than  avoid  any  floating  particles  in  the  blood 
current.  In  case  of  such  movable  particles  being  arrested 
either  by  the  innominate  or  left  carotid  arteries,  the  most 
direct  course  in  both  instances  will  be  toward  the  middle  cere- 
bral arteries,  and  thus  aphasia  wiU  generaUy  be  produced 
with  hemiplegia  upon  the  side  opposite  to  that  where  the 
embolus  may  be  found. 

The  Frontal  Lobes.— There  are  innumerable  cases  on 
record  where  the  frontal  lobes  of  the  cerebrum  have  suffered 


(ht  mao-erpkiJon  a 


Flo.  U. — Diagram  0/  tht  cotirit  of  tciaory  anil  mottr  Iraets  i: 
hemitpltri-a.     (After  SegMin.) 

S,  Miuorj  inct  in  posterior  regtun  of  me»>-CEphalon,  cilendiag  to  0  and  T,  occipital 
kod  teiiipor»i  lobes  of  hemisjiherca  ;  M,  motor  tract  in  baaia  cnirin,  eitendinfr  to  P 
sod  F,  parietal  and  (part  of)  frontal  lobes  of  lietni spheres  1  C,  Q,  corpus  quadrl[;emi- 
num ;  0,  T,  optic  thalamua  :  \,  L,  nucleus  Icntlcularis ;  \,  C,  nucleus  c«udntuB  ;  I, 
the  fibera  fomiint;  the  "tcgntvotum  cruris"  (Meynert);  2,  the  fibere  forming  the 
"  bkais  cruris  "  (Hejnert). 

frightful  lacerations  and  loss  of  substance,  and  yet  recovery 
has  taken  place  ;  and  where  disease  of  an  extensive  character 
has  also  produced  negative  results,  both  aa  regards  motion  and 
sensation. 
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A  crowbar  has  been  shot  through  the  head,  and  recovery 
followed. '  Again,  Bouillaud  ^  reports  the  passage  of  a  bullet 
through  the  frontal  lobes  with  a  like  result,  and  with  no  effect 
upon  sensation  or  motion.  Cases,  somewhat  similar,  are  re- 
corded by  Trousseau,*  Congreve,  Selwyn,*  Pitres,*  Morgagni, 
Marot,*  Tavignot,  and  others,  all  of  which  go  to  prove  the  pos- 
sibility of  the  most  serious  injury  to  this  portion  of  the  cere- 
brum without  symptoms  indicative  of  its  presence.  On  the 
other  hand,  numerous  cases  of  haemorrhage  and  of  abscess 
within  the  frontal  lobes,  as  reported  by  Andral,'  Hertz,  Reed, 
Begbie,  and  others  (quoted  by  Charcot  and  Ferrier),  show  the 
same  absence  of  positive  diagnostic  symptoms  either  in  sen- 
sory or  motor  paralysis. 

From  such  sources  of  clinical  reasoning,  as  well  as  from  the 
physiological  deductions  which  experiments  upon  animals 
have  taught,  the  following  conclusion  of  Ferrier  •  is  of  value  to 
the  reader :  '*  With  such  evidence  before  us,  we  can  not  regard 
cases,  in  which,  with  lesions  of  the  praefrontal  lobes,  sensation 
or  motion  has  been  affected,  as  other  than  cases  of  coexistence 
or  of  Tmiltiple  lesions^  whether  organic  or  functional." 

THE  MOTOR   REGIONS   OF  THE   CEREBRUM.' 

It  may  now  l)e  positively  stated  that  the  bases  of  the  three 
frontal  convolutions^  the  convolutions  which  bound  the  fis- 

*  Rigelow,  "Am.  Jour,  of  Med.  Sciencop,"  July,  1850;  Ilarlow,  **RecoTcry  from  the 
Passage  of  an  Iron  Bar  through  the  Head  '' ;  "  Report.^*  of  Ma^s.  Med.  Soc./'  Boston,  1869. 

«  Op.  cU. 

*  Quoted  by  Peter  and  Ferrier. 

*  London  "  Lancet,"  183*. 

*  "  Ldsions  du  Centre  Ovale,"  1877. 

*  "Prog.  M^d.,"  February  and  June,  1876. 
'"CliniqueM6dicale." 

"  "Localization  of  Cerebral  Di.Hease,"  New  York,  1880. 

*  Microscopic  anatomy  bIiowh  that  the  8<M;allod  motor  gyri  are  rich  in  Urge  cellft ; 
that  they  alone  contain  the  "giant  celKs"  of  Betz  ("  Central blatt,"  Nos.  87,  S8X  tU., 
ganglion  cells,  which  in  8ize  and  number  of  processes  bear  a  remarkable  resemblance  to 
the  unquestionably  motor  ganglion  cell.'>  of  the  anterior  hom.«>  of  the  spinal  cord  and  the 
medulla  oblongata.  In  the  motor  convolution.s  the$>c  giant  cell.^  are  found  in  little  clus- 
ters of  three,  tive,  or  more,  in  a  section,  imbedded  among  the  large  ganglion  cells  of  the 
third  layer. 
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sure  of  Rolando^  and  the  para-central  lobule^  upon  the  inter- 
nal surface  of  each  hemisphere  of  the  cerebrum,  are  distinctly 
motor  in  their  function.  The  distribution  of  the  middle  cere- 
bral artery  to  this  region  gives  to  that  vessel  an  importance 
not  before  appreciated ;  since  it  is  now  known  that  the  four 
or  five  branches  which  are  given  oflf  from  the  main  artery 
each  nourish  a  separate  area  of  brain  substance,  and  that 
emboli  may  obstruct  either  the  trunk  or  some  of  its  in- 
dividual branches.  It  is  thus  possible  to  explain  how  the 
basal  ganglia  may  still  perform  their  functions  while  other 
parts  supplied  by  some  of  the  cortical  branches  may  be  im- 
paired. 

The  preponderance  of  clinical  testimony  goes  to  show 
that  most  of  the  destructive  lesions  which  are  associated 
during  life  with  paralysis  of  voluntary  motion  are  con- 
fined to  this  motor  area,  although  a  rare  case  is  on  re- 
cord '  where  the  motor  area  was  the  seat  of  cystic  disease, 
and  still  voluntary  motion  remained  unaffected.  It  is  a 
matter  of  great  doubt  whether  the  gray  matter  of  the  con- 
volutions was  impaired,  even  in  this  case,  in  spite  of  the 
existing  lesion. 

The  effect  of  extensive  lesions  affecting  the  motor  area 
of  the  monkey  (which  is  commonly  used  for  experiments, 
as  the  nearest  approach  to  the  type  of  mankind)  may  be 
summarized  as  follows:  1.  A  hemiplegia,  which  is  at  first 
absolute;  2.  An  improvement  in  associate,  alternating,  or 
bilateral  movements,  but  no  improvement  in  voluntary  mo- 
tion. 

Respecting  this  point,  I  quote  from  a  late  work  as  fol- 
lows: 

''As  examples  of  the  improvement  which  foUows  the  on- 
set of  the  hemiplegia,  the  hand  becomes  more  paralyzed  than 
the  arm,  the  arm  more  than  the  leg,  and  the  lower  facial 
movements  more  than  the  upper;  while  the  muscles  of  the 
trunk  are  scarcely,  if  at  all,  affected."  ' 
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»  Samt,  "  Archiv  fur  Psychiatric,"  1874. 

'  Fcrricr,  *^  Localization  of  Cerebral  Disease." 
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In  man  the  hemiplegia  is  usually  on  the  side  oppoul 
the  existing  lesion/  if  the  mut^jr  area,  the  corpus  stiijihun, 
or  the  anterior  part  of  the  internal  capsule  be  the  seat  of 
disease ;  and  this  paralysis  is  often  accompanied  by  am- 
vulsive  muscular  inovements  or  rigidity  of  the  ]mralyzed 
parts,  in  its  early  stage,  and,  hiter  on,  by  rigidity  anii  motor 
sclerosis* 

The  researches  of  Pitres*  have  shown  that  the  same  re- 
sults as  those  dependent  upon  a  lesion  of  the  gray  matter  (if 
the  convolutions  within  the  motor  area  follow  when  the  lesion 
affects  the  ichite  substance  of  the  brain'  which  inten-enes 
between  the  gray  matter  covering  the  motor  area  and  the  basal 
ganglia  beneath  them,  and  he  thus  urges  a  system  of  nomen- 
clature of  the  different  portions  of  the  "centrum  ovale"  by 
means  of  sections  of  the  brain  made  in  certain  regions  so  as  to 
show  special  parts. 

It  is  by  means  of  these  researches  that  we  are  enabled  to 
explain  those  cases  where  rigidity  or  muscular  spasms  accom- 
pany an  attack  of  hemiplegia,  from  an  elusion  into  the 
lateral  ventricles  of  the  brain ;  and  where  cerebral  sqft- 
eningr  or  htciiiarrhaye,  which  does  not  affect  the  gray  mat- 
ter of  the  convolutions  or  the  basal  ganglia,  produces  a  per- 
manent itanilyais  of  the  side  of  the  Ijody  opposite  to  the  lesion. 

When  sudden  hemiplegia  occurs,  as  a  result  of  hfemor- 
rhage  into  or  traumatism  of  some  portion  of  the  motor  area, 
the  condition  of  paralysis  is  liable  to  improve  in  those  re- 
gions of  the  body  where  the  special  motor  rentier  of  that  pari 
remains  unim])aired,  but  the  paralysis  will  usually  remain 
I)erraanent  in  that  part  of  the  body  whose  motor  center  Is 
destroyed.  This  fart,  when  properly  interpreted,  may  often 
prove  a  most  valuable  guide  in  diagnosis. 

'  The  hct  ihti  all  the  molor  Sl>«r«  ilo  ool  dccuatnle  Id  llic  mcduiU  obton^la  (Flicb- 
tig)  ctplains  ihc  oiFepaona  lo  ihii  rule. 

■  Hoe  Uicr  ji^-s  ot  thU  volunic  for  rurtlicr  ci|t1anit!loii  of  thii  point  •ml  tit  rlinkal 

*  '■  LA<inu>  du  Ontre  Ot»1v,"  Parin,  1877, 

*  Thi*  iwirtiiin  onnuliu  ihs  Bbcn  oX  ibc  iitlrfaa'  r^piult  nulifttin;  to  rea<1i  th«  nxttoir 
Rgknit  ot  Uie  cortex.    (Sm  Fig.  8 J 
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Special  Cerders  of  Motion. — At  the  base  of  the  first  fron- 
tal convolution,  and  extending  slightly  into  the  second  fron- 


joftJielrainof. 


DB  the  postero-parielal  [aiiperior  parielnl]  lobnlc),  adTance  of  the  oppnaite  hind-limb 
ta  ID  walking;  %^,i  (around  tho  upper  eilreoiity  of  the  fissure  of  KoUudo),  com- 
plei  [DOTcmentB  of  the  opposile  1^  aod  arm,  and  of  the  Iriiak,  as  in  swimming ; 
a,b,e,d{em  the  poatero-parietal  [posterior  central]  conrolulion),  individual  and 
combined  movements  of  the  fingers  and  nrist  ot  the  opposite  hand  :  prehenaile  morc- 
ments  ;  6  (at  the  posterior  eitremity  of  the  auperior  frontal  convolution),  eitension 
forward  of  the  opposite  arm  and  hand  ;  6  {on  the  upper  part  of  the  nnlern-parietal 
or  ascending  frontal  [anterior  ecntral]  cuuTolulinu),  supination  and  Sexion  of  the 
opposite  fore-artn  ;  7  (on  the  median  portion  of  the  same  convolution),  retraction  and 
elevation  of  the  opposite  angle  of  the  mouth  by  means  of  the  ijigomatic  muscles ;  S 
(lower  down  on  the  same  eoncolution),  elevation  of  the  nU  nasi  and  upper  Up  with 
depression  of  the  lower  Up,  on  the  opposite  aide ;  9,  10  (at  the  inferior  eitremlty  of 
the  same  eonvolutiou,  Broca'a  convolution),  opening  of  (he  mouth  with  0,  protru^n, 
and  10,  retraction  of  the  tongue — region  of  aphasia,  bilateral  action ;  11  (between 
10  and  the  inferior  extremity  of  the  poatero-parietil  convolution),  retraction  of  the 
opposite  angle  of  the  mouth,  the  head  turned  sUghtly  to  one  side  ;  12  (on  the  postt 
rior  portions  of  the  superior  and  middle  frontal  convolutions),  the  eyes  open  wiclcl; 
the  pupils  dilate,  and  the  head  and  eyes  turn  toward  the  opposite  side  ;  13,  13  (on 
the  supra-marginal  lobule  and  ungulargyms).  the  eyes  move  toward  the  opposite  sidt 
with  an  upward  13,  or  downward  13'  deviation^  the  pupils  g-enerally  oonlractcd  (ecn 
ter  of  vision) ;  H  (of  the  infra-marginal,  or  superior  [first]  temporo-aphenoidnl  con- 
volution), pricking  of  the  opposite  ear,  the  head  and  eyes  turn  to  the  opposite  side, 
and  the  pupils  dilate  largely  (center  of  hearing),  Ferrier,  moreovor,  places  the  een- 
ters  of  taste  and  smell  at  the  extremity  of  Che  tcmporo-sphenoiilk]  lobe,  and  that  of 
touch  in  the  gyrus  uncinatus  and  hippoewnpns  major. 
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tal  convolution,  in  the  brain  of  a  monkey  may  be  located  a 
distinct  center  which  exerts  a  special  influence  upon  the  head 
and  eyes.  Thus,  to  quote  from  Ferrier,  whose  i-esearchea 
have  been  remarkable  for  their  originality  and  apparent  accu- 
i-acy,  stimulation  of  tliis  center  causes  '•  elemtion  qf  the  eye- 
lids,  dilatation  of  the  jntpils,  vonjuyate  denation  of  the 
^t/es,  and  turning  of  the  fieml  toward  the  opposite  sidt.'* 
(See  No.  12  in  Fig.  13.) 

That  this  .same  center  seems  to  exist  in  the  human  brain  is 
to  be  inferitfd  from  the  cases  where  a  bilateral  depiution  <f 
the  eyes  has  been  observed,  which,  in  some  cases,  has  also 
l)een  associated  with  a  lateral  deflection  of  the  head.  This 
subject  has  excited  the  interest  of  Hugh  lings- Jackson,'  Priest- 
ley Smith,'  Ferrier,'  and  Chaw^ot,'  and  cases  which  seem  to 
sustain  the  theory  of  an  oculo-motor  function  in  the  frontal 
convolutions  have  been  reported  by  Chouppe,  Landouzy,' 
Carroll,  Smith,  and  others.  An  effort  has  been  made  to  ex- 
plain these  ocidar  symptoms  by  some  association  with  the 
angnlar  gyrus  (see  page  62),  but  apjiarently  without  much 
ground. 

Tlie  center  of  mwtionfor  the  mvsvles  of  the  limbs  is  not 
yet  as  positively  ascertained  as  the  octilo-motor  center,  al- 
though some  interesting  experiments  have  l)een  made  to  de- 
cide  whetlier  the  corresponding  point  of  the  brain  of  man  is 
analogous,  in  its  control  over  the  leg,  to  that  of  the  monkey 
tribe.  As  an  example  of  the  ingenuity  shown  in  research. 
Bourdon*  has  endeavored  to  demonstrate  atrophy  of  certain 
pfirts  of  the  bndn  after  amputation  of  the  limtis,  and  thus 
indii-ectly  to  prove  the  nonnal  use  of  the  i»arts  which  liad 
atrophied  from  disuse.  The  use  to  which  the  monkey  piil^ 
Ilia  tail,  sinite  it  serves  the  jmri^ose  of  an  additional  hand  in 
some  instances,  renders  the  iipjiliciition  of  movements  of  that 


'  *•  Opbllialniolngy  in  iu  Rclalian*  to  Grner»l  Mi"liftnc,"  "  Lnnmt,"  IBW. 

•  *■  ItilatrnJ  DcTlatioiu  of  tlie  Brca,"  "  DirmlnglMUi  Med.  Bu»i«»,*  ISIB, 

•  Op.  lit. 

•  Op.  eit- 

•  "BlipharaploKCsrCbnlc,"  "Arvlt.  Gin.  in  MJ-d.."  1877, 

•  **  KeAoclm  cliniqiic*  vnr  Ut  eontrai  moicun,"  fari*,  IBTT. 
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Fio.  Ifl. —  Upper  tiicir  of  Ihf  brain  of  mmi.  aad  Ike  liiuation  of  artaa  of  tfte  eirAral  emt- 
volulioni.     {Alter  Ferrier.) 

1  (on  the  poMero-parletal  [auperior  parietal]  lobule),  adTsncc  of  the  opposiW  hlBd- 
limb  as  in  walking ;  2,  3,  4  (around  tlie  upper  eilremit}'  of  the  fiMUrc  of  Rolando), 
complex  movementB  of  tbc  op[)osite  lef;  and  arm,  and  of  the  trunk,  u  in  swlin- 
loing ;  a,  b,  e,  d  (on  the  posiero-parictal  [posterior  central]  coQTolntioo),  indi- 
Tidual  and  combined  movemuntg  of  (he  fingera  and  wrist  of  the  opposite  hand ;  pre- 
hensile moiementB ;  G  (at  the  poBterior  extremity  of  the  superior  fiijDlal  codvoIu- 
lion),  extension  forward  of  the  opposite  arm  and  hand ;  6  (on  the  upper  part  of 
the  antero  parietal  or  ascending  frontal  [interior  central]  cooTolution),  supination 
and  fleiion  of  the  opposite  forearm ;  ^  {na  the  median  portion  of  the  same  con- 
Tolution),  retraction  and  elevation  of  the  apposite  an^le  of  the  mouth  by  means  of 
the  zjgomalic  muscles ;  8  (lower  down  on  the  same  oonTolution),  elevation  of 
the  ala  nasi  and  upper  lip  with  depression  of  the  lower  lip,  on  tbe  opposite  side ;  9, 
10  (at  the  inferior  eitremity  of  Ibe  same  conTolution,  Broca's  conrolution),  open- 
ing of  the  mouth  with  9,  protrusion,  and  10,  retraction  of  the  tongue— region  of 
aphiisi&,  bilateral  action;  11  (between  10  and  the  inferior  extremllj  of  the  pos- 
tero-parietal  conrolulion),  retraction  of  the  opposite  angle  of  the  mouth,  the  head 
tamed  slighll;  to  one  side  ;  12  (on  the  posterior  portions  nf  the  superior  and  mid- 
dle frontal  conrolutions],  the  eyes  open  widely,  the  pupils  dilate,  and  tbe  head  and 
eyes  turn  toward  the  opposite  side  ;  13,  13  (on  the  eupra-mai^nal  lobule  and  an- 
gular Rjrus),  the  eyes  move  lowai-d  the  opposite  side  with  an  upward  13,  or  down- 
wnnl  13'  derialion — the  pupils  frenerally  contracted  (center  of  vision);  14  (of 
the  infra-marginal,  or  superior  [flrstl  temporo-aphenoidal  eonTOlution),  pricking  of 
the  opposite  ear,  Ihe  head  and  eyes  turn  to  tbe  opposite  side,  and  the  pupila  dilate 
larf^cly  (center  of  hearing).  Ferrier,  moreover,  places  tbe  centers  of  taste  and  smell 
at  the  eilremity  of  the  temporo-spbcnoldal  lobe,  and  that  of  toucb  in  the  gyrus  un- 
(^DBtua  and  hippocampus  major. 
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organ  tu  those  «f  man  a  matter  of  apparent  difficnlfy,  and  the 
center  of  motion  for  the  tail  of  tht;  monkey  can  hanUy  be 
applied  to  the  brain  of  man  without  bringing  comjKinitiTe 
anatomy  into  pi-ominenre. 

Paralysis  of  the  leg,  when  (lependent  solely  upon  cerebral 
lesions,  is  seldom  separated  from  a  similar  condition  of  the 
upjrer  extremity,  although  a  few  rare  cases  of  that  character 
are  on  record  ;  but  the  rule  of  Lucas  Chamjiiimni^pe  may  Iw 
considered  as  approximately  coiTect,  viz.,  tliat,  Ut  expose  the 
center  of  motion  for  the  muscles  of  the  leg,  it  is  necessary 
to  trephine  over  the  upper  extremity  of  the  fissure  qf 
Holando. ' 

The  centers  of  motion  for  the  muscles  of  the  differetd  re- 
gions of  the  vpper  extremity  occupy  a  much  larger  space 
upon  the  surface  of  the  cerebrum  than  those  of  the  lower  ex- 
tremity, as  might  have  been  expected  when  we  consider  the 
amount  of  intelligence  which  the  hand  exhibits.*  Ferrier 
has  pointed  out  certain  motor  areas  for  the  various  move- 
ments of  extension,  adduction  and  retraction,  supination  and 
flexion,  and  centers  for  the  actions  of  the  wrist  and  finger 
muscles.' 

The  close  proximity  of  those  centers  which  control  the/a- 
eiiH  and  oral  'muscles  to  the  centers  gi>veming  the  motions  of 
the  hand  possibly  explains  why  movements  of  i-etraction  of 
the  mouth  occur  when  the  hand  is  brought  into  powerftil 
action  ;  and  also  the  fact  that  panUysis  of  certain  groups  of 
muscles  situated  in  the  upper  extremity  are  commonly  asso- 
ciated with  some  form  of  facial  paralysis. 

Fntm  a  careful  analysis  of  cases  where  paralysis  of  the  up- 
per extremity  was  confined  to  certain  sets  of  muscles,  the  re- 
stdta  seem  to  jwiut  to  the  ascending  parietal  and  ihe  vpper 


'  For  (hv  iiurglcal  faiit  lo  locate  the  «llaation  of  thai  flwturci  npoti  ibe  cileitor  >ur- 
[ace  i>f  ttie  pkull  o[  a  living  lubject,  Ibc  reader  U  referred  lo  a  iuli«c<)ueiil  paga  ol  Uila 
cha  liter. 

*  Sir  CbaHea  Bell,  "  Tbc  Human  Hand." 

*  In  pt^c*  Ht  and  41  nf  iliiii  voluioc,  the  centers  of  Fcrrier  an  rimira  b  a  dla- 
gTBHunailc  cut,  and  llic  special  action  of  «aoh  giTcn  In  the  doKripdv*  t«t  wliIA  moeutt 
panloa  It. 
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portion  of  the  ascending  frontal  convolutions  of  the  cere- 
brum, as  the  probable  seat  of  disease ;  and  lesions  of  the 
ascending  parietal  convolution  are  found,  both  by  experi- 
mental research  and  by  pathological  deduction,  to  affect 
the  hand  in  particular.  In  further  support  of  this  state- 
ment, the  results  of  the  examination  of  the  brains  of  per- 
sons who  had  suffered  amputation  of  the  hand,  *  or  who 
had  been  characterized  by  a  congenital  absence  of  that 
member,'  show  an  atrophy  of  the  part  designated  by  the 
experiments  of  Ferrier  as  the  motor  center  for  its  move- 
ments. 

The  motor  centers  of  the  facial  muscles  occupy  a  region  in 
close  proximity  to  those  of  the  arm  and  hand  ;  and  it  is  an 
exception  to  the  general  rule  to  observe  paralysis  confined 
exclusively  to  the  face,  since  the  muscles  of  some  part  of  the 
upper  extremity  are  generally  affected  simultaneously.  It  may 
be  also  noticed,  with  some  degree  of  practical  interest,  that 
aphasia  is  a  common  associate  of  either  of  these  types  of  local- 
ized x>aralysis,  since  the  center  of  Broca  is  liable  to  be  also  in- 
volved from  its  close  relation  to  both  the  centers  of  the  face, 
arm,  and  hand.*  It  is  considered  by  some  authorities  that 
the  absence  of  aphasia,  in  cases  where  the  muscles  of  the  face, 
arm,  or  hand  are  paralyzed,  is  probably  confined  to  lesions 
affecting  only  the  right  side  of  the  cerebrum. 

The  lesions  in  which  aphasia  exists  have  been  considered 
somewhat  at  length  in  previous  pages  of  this  chapter,  but  the 
fact  that  most  of  the  clinical  cases  recorded  have  failed  thus 
far  to  overthrow  the  discovery  of  Broca  *  seems  to  place  it  upon 
a  footing  above  that  of  mere  empirical  generalization.  Cases 
have  been  reported  where  aphasia  has  been  the  result  of  frac- 
ture of  the  left  side  of  the  skull  in  the  region  of  the  frontal 
lobes,*  and  also  where  recovery  of  the  power  of  speech  fol- 

'  Reported  by  Bourdon,  "Centres  moteurs  des  membres."    Pnris,  ISV?. 

«  Cowers,  article  in  "  Brain/'  1878. 

'  See  the  relation  of  the  facial  centers,  Nos.  7,  8,  11,  to  those  of  the  arm  and  hand, 
Xos.  4,  6,  6,  a,  6,  e,  </,  and  to  the  oro-lingual  centers,  Nos.  9, 10,  in  Fig.  16  of  this  Tolumc. 

^  Some  late  observations  apparently  point  to  other  centers,  as  associated  with  speech, 
besides  that  of  Broca.  *  Mac  Cormac,  "  Brain,*'  1877. 


lowed  the  operation  of  trephining,'  but  it  occars  most  1 
quently  us  the  result  of  embolic  obstruction  nf  the  middle 
cerebral  artery  or  of  some  of  its  branches,' 

Diagnosis  qf  Cortical  Motor  Paralysis. — The  effects  of 
lesions  which  involve  the  corpus  striatum  of  either  side,  or 
the  anterior  two  thirds  of  the  internal  capsvle  of  the  cere- 
brum, differ  but  little  from  those  of  lesions  which  are  confined 
to  the  motor  area  of  the  cerebral  convolutions,  since  the  Hbers 
which  are  affected  in  either  case  are  the  same.' 

After  the  effects  of  the  shock  of  the  attack  have  pa-ssed 
away,  the  muscles  which  are  paralyzed  are  usually  those 
which  are  the  most  completely  under  the  control  of  veil- 
tion;  thus  the  lower  muscles  of  the  face  are  more  affected  than 
those  upon  the  forehead  or  of  the  eyelids,  since  the  lower 
facial  muscles  are  by  far  the  most  voluntary  ;  the  muscles  of 
the  hand  are  very  markedly  affected,  even  more  than  those  of 
tlie  arm  ;  and  the  muscles  of  the  upper  extremity  more  than 
those  of  the  lower.' 

No  endence  of  impairment  of  sensation  can  be  discovered, 
provided  that  the  i>osterior  third  of  the  internal  capsule  of 
the  cerebrum  has  escaped  injury.  The  nutrition  of  the  para- 
lyzed muscles  is  apparently  normal,  and  their  electric  con- 
tractility is  not  impaired. 

A  tendency  toward  rigidity  of  the  jtaralyzed  muscles  de- 
veh)p3,  later  on  in  the  disease,  which  has  been  variously  ex- 
jiluined  by  some  authors  (Charcot,  Bastian.  and  Bouchard)  aa 
the  residt  f)f  a progressine  sclerosis,  which  descends  along  the 
motor  tract  of  the  pons  Varolii,  eras  cerebri,  medulla,  and 
the  spinal  cord  ;  while  the  researches  of  Hughlings-Jackson ' 

<  Terriltnn  ami  Pmust,  "  Acad,  du  JUUidnf,"  1370. 

*  See  rMcarehoB  of  Melsimer,  Clianxtl,  Vulpiaa,  Segiiio,  Berlin,  anil  othen. 

'  Fcrricr,  op,  eil.  The  reodpr  Li  refi'ircil  to  Fr^;.  B  of  IhU  Tulume,  in  c»pltn»Um  e( 
lliii  f>liiU>RirnL 

*  I'litholii^nit  uutnmj  (recent  cuvi)  ilciiionslraliv :  I ,  thai  JcMnlclire  l«iMi>  of  Id* 
miMor  n^ioni  of  Ihn  mnci  (and  of  the  pun^onnlnU  lobule)  produce  daccnding  dtfomt- 
tion  thnughoul  Uio  direct  cereSnl  motor  imct,  citendiug  iolo  tliv  Uti-rml  culumtu  at  tlie 
fpioat  cord ;  and  %  that  thot*  U  n  rcmatknble  miropondenn  between  neriaiu  looilUtd 
■pMmodie  and  iiaml^iic  lymtilomi  obHTncd  darin;;  life  and  ktiuna  Irrilaiing  w  dcattnf- 
Ing  MTUdn  definite  ipoii  in  ihe  nioior  looc  of  thu  corlei- 

* "  UcdinI  Eumlnvr,"  April,  1S7T. 
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warrants  him  in  discarding  this  explanation  and  attributing 
it  to  an  unimi)eded  cerebellar  infiuencey  which  is  no  longer 
controlled  by  the  cerebrum.  Both  of  these  hypotheses  are, 
however,  discarded  by  Duret,*  who  considers  the  rigidity 
to  be  the  result  of  simple  reflex  irritation.  It  will  in  no 
way  add  to  the  practicability  of  the  matter  contained  here 
to  enter  into  the  discussion  of  the  relative  demerits  of  these 
theories,  since  those  interested  in  the  subject  will  find  Fer- 
rier's  work  on  the  "Localization  of  Cerebral  Disease"  and 
many  of  the  advanced  works  upon  the  pathology  of  dis- 
eases of  the  nervous  system  to  contain  all  the  desired  infor- 
mation. 

One  of  the  most  valuable  signs  of  paralysis  dependent  upon 
a  lesion  of  the  cortex  is  the  fact  that  the  condition  is  not  one 
of  complete  hemiplegia,  but  rather  of  monoplegia^  in  which 
8i>ecial  groups  of  muscles  only  are  deprived  of  voluntary 
motion :  thus,  the  arm  and  leg  may  be  affected  together  ;  again, 
the  arm,  hand,  and  face  ;  the  arm  alone  ;  the  leg  alone ;  cer- 
tain movements  only  of  either  extremity ;  and  all  other  possi- 
ble combinations.  Paralysis  due  to  lesions  of  the  cortex  may 
often  be  transitory,  if  the  lesion  be  slight  and  superficial ;  or 
it  may  be  permanent,  if  deep  and  impinging  upon  the  medujla. 
It  is,  furthermore,  frequently  associated  with  rigidity  in  its 
early  stages^  which  is  a  rare  occurrence  in  central  cerebral 
disease. 

In  attacks  of  paralysis  due  to  suddenly  developed  lesions 
of  the  cortex,  consciousness  is  less  frequently  lost  than  in 
similar  lesions  of  the  centi-al  ganglia,  and  pain  of  a  local  char- 
acter within  the  head  is  often  either  complained  of  by  the  pa- 
tient spontaneously  with  the  attack,  or  it  may  be  sometimes 
elicited  by  percussion  over  the  seat  of  the  exciting  lesion. 
The  loss  of  consciousness  which  generally  accompanies  any 
sudden  lesion  of  the  central  ganglia  is  explained  by  Du- 
ret  •  as  due  to  a  rapid  displacement  of  the  cerebrospinal 
fluids  which  in  turn  creates  a  general  disturbance  of  the  cir- 

»"  Brain,"  Part  I,  18Y7. 

•  "Traumatismes  c6r6braux,"  Thfese,  1878;  "  Archiv.  dc  Physiologic,"  1875. 
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eolation  ot  the  cerebrum,  since  this  fluid  serves  to  estati! 
a  unifoiinity  of  pressure  throiighuut  the  brain. 

Fender '  thus  briedy  summarizes  the  results  of  clinical  ob- 
servation bearing  upon  the  diagnosis  of  paralysis  dependent 
upon  destructive  lesions  of  the  cortex  :  '•  While  we  can  not 
be  quite  certain  of  the  position  or  extent  of  a  cortical  lesion 
causing  a  sudden  and  complete  hemiplegia,  we  may  take  a 
monoplegia  of  the  leg,  or  of  the  ann  and  leg,  as  an  Indication 
of  a  lesion  of  the  upjier  extremity  of  the  ascending  cimvoln- 
tions  close  to  the  longitudinal  fissure;  brachial  monophgia, 
as  a  sign  of  a  lesion  in  the  upper  part  of  the  ascending  fron- 
tal convolution,  or,  if  the  paralysis  affect  the  hand  more 
particularly,  of  the  ascending  parietal  convolution  ;  brachio- 
facial  monoplegia,  as  indicating  a  lesion  of  the  mid-fronto- 
parietal  region  ;  while y«cmZ  and  lingual  monoplegia,  or  this 
combined  with  aphasia,  indicates  a  lesion  of  the  lower  part  of 
the  ascending  frontal  convolution  where  the  third  frontal 
joins  with  it."  * 

Irrilatice  Lesions  of  the  Motor  Area. — It  is  a  well-recog- 
nized fact  in  clinical  experience  that  certain  symittoms,  which 
are  chiefly  of  a  convulsive  type,  are  dei)endent  upon  conditions 
which  create  simply  irritation  of  certain  portions  of  the  cere- 
brum, without  any  actual  destrnction  of  the  gray  <»r  white 
matter.  Among  the  various  conditions  which  are  esi>ecially 
liable  to  pnxluce  such  local  irritation  may  be  mentioned 
syphililic  meningo-encephalitis.  simple  infiammatinn  of  the 
same  character,  deposit  of  tubercle,  superticial  cysts  or  tu- 
mora  of  a  more  solid  character,  spicidie  of  bone,  cicatrices 
fnim  wounds  of  previous  date,  suppuration  from  caries  nod 
necrosis,  etc. 

In  ihH  year  ]8f!7,'  and  still  later,  in  the  year  1871,'  the 
general  statement  by  which  the  clinical  diagnosis  of  the  sitna- 
tion  of  irritative  lesions  of  the  cerebrum  might  be  assisted  was 

•  The  pintc  Bhoirbg  ibe  molar  rcnicrs  will 
putro  'it  of  Uiia  Tolumc. 

•  "  St.  Oirlholatni'ir'a  nospltol  Bqmrtii." 

' "  McdiMJ:Ur.  Tnuu." 
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advanced  by  Callender,  ''  that  convulsive  attacks  were  most 
commonly  associated  with  superficial  lesions  of  the  cortex  sit- 
uated in  the  immediate  vicinity  of  the  middle  meningeal  ar- 
tery." Ferrier,  however,  concludes,  as  the  result  of  his  exten- 
sive facilities  for  observation,  that,  while  this  may  be  useful  as 
a  general  rule,  still  any  portion  of  the  cortex  of  the  hemi- 
sphere may  result  in  convulsions  of  the  opposite  side  of  the 
body,  and  he  adds  the  statement  that  the  seat  of  an  irritative 
lesion  can  be  less  accurately  determined  than  one  of  a  destruc- 
tive character,  owing  to  the  difficulty  of  determining  the  ex- 
tent of  the  zone  in  which  vital  irritation  concentrates  itself. 

Hughlings- Jackson  *  has  contributed  much  to  the  pathology 
of  those  conditions  of  the  cortex,  produced  by  irritation,  which 
manifest  themselves  in  the  form  of  convulsions.  So  great  a 
prominence  did  syphUis  have  as  one  of  the  exciting  causes  of 
such  irritation  that  the  term  "Jacksonian  epilepsy  "is  now 
often  used  as  synonymous  with  the  convulsions  met  with  in 
that  disease.  The  theory  which  this  author  advances  to  ex- 
plain these  convulsive  attacks  is  as  follows :  That  irritation 
of  the  cortex  tends  toward  an  abnormal  accumulation  of  ner- 
vous energy,  so  that  the  affected  part  is  under  a  state  of  high 
tension,  and,  under  certain  conditions,  this  irritated  portion 
discharges  itself  in  a  sudden  and  explosive  manner,  thus  pro- 
ducing a  subsequent  exhaustion  of  its  powers ;  hence  a  con- 
vulsion, and  often  some  type  of  monoplegia  following  it. 

The  convulsions  dependent  upon  irritation  of  the  cortex 
may  assume  all  of  the  different  varieties  produced  by  de- 
structive lesions  of  the  motor  area,  and  may  even  result  in 
paralysis ;  thus  the  leg  may  alone  be  affected  with  spasm, 
the  arm  alone,  the  arm  and  hand  together,  and  the  face  alone, 
or  in  connection  with  the  upper  extremity. 

It  may  often  assist  in  the  localization  of  a  lesion,  which  is 
creating  the  irritation  of  the  cortex,  to  note  carefully  the  mus- 
cles affected  at  the  onset  of  the  convulsion,  since  they  may 
enable  the  observer,  through  a  knowledge  of  the  motor  cen- 
ters, to  trace  the  seat  of  the  region  within  the  cortex  which 

1  op.  eit.    Also  see  '*  Medical  Times  and  Gazette,"  1875. 


48  THE  BRALS: 

first  exhibited  a  tendency  to  explosive  dischai^  m^m^Sv^ 
OU8  energj'. 


THE  SENSORY  REGIONS  OF  THE  CERERBUM. 

The  temporo-sphenoidal  and  occipital  lobes  of  the  eerebruni 
are  now  accepted  by  most  autliors  as  the  only  portions  which 
ran  appreciate  the  percei)tiDn  of  sensory  impressions.  This 
fact  seems  to  be  demonstrated  not  only  by  exiwrimental  in- 
vestigation upon  animals,  but  also  by  clinical  observation, 
with  as  gi'eat  a  degree  of  certainty  as  previous  facts  which 
have  been  mentioned  regarding  the  function  of  the  frontal 
region  and  the  motor  area. 

It  has  been  determined,  with  some  approach  to  positive- 
ness  of  statement,  that  the  posterior  fibers  qf  the  crwt  are 
the  j)rincipal  means  of  transmission  of  sensorj'  impressions 
fiom  the  ]}enphery  of  the  body  to  the  cerebmm,  and  the 
researches  of  Meynert  have  done  much  to  demonstrate*  that 
these  fibers  are  connected  with  the  portions  of  the  cortex 
which  have  been  designatetl  as  the  regions  chiefly  associated 
with  sensory  perception. 

Dui-et,'  Veyssiere,'  and  Raymond  have  siiown  by  experi- 
ment that,  when  that  part  of  the  internal  i-apsule  which  is 
Hituated  between  the  lenticular  nucleus  and  the  opfie  thala- 
mus is  divided,  a  loss  of  sensation  Is  experience<l  in  the  oppo- 
site side  of  the  body,  but  that,  in  sfjme  instances,  st^me  degree 
of  motor  paralysis  is  also  produced.  On  the  other  hand, 
these  same  observers  have  found  that  section  of  the  anterior 
two  thirds  of  the  internal  capsule  pi-odnces  a  distinct  motor 
jiaralysis,  with  no  effect  uj)on  the  function  of  sensory  percep- 
tion of  the  parts  jKindyzed.  s:ive  in  a  few  instances,  where 
such  a  result  of  a  fleeting  character  was  detected. 

That  these  deductions  are  fully  sustainetl  by  clinical  facts, 
as  f;:r  lus  the  motor  nen-es  are  concerned,  the  statements  of 
preceding  ])ages  seem  to  clearly  prove,  and  the  collected  cosea 

'  Op.  lit 

> "  Bur  rhtoiUitcaibiiio  da  hum  ciribr«l«,"  IBTl. 
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reported  by  Charcot,*  Pitres,'  Tiirck/  and  others,  present  a 
large  mass  of  evidence  to  warrant  the  conclusion  that  lesions 
of  the  posterior  part  of  the  internal  capsule  are  indicated  by 
hemi-ansBsthesia  on  the  side  of  the  body  opposite  to  the 
lesion.  In  such  cases,  tactile  sensation  is  destroyed  to  the 
median  line  not  only  in  the  trunk,  but  also  upon  the  face ; 
pain  and  the  sensation  of  heat  are  likewise  abolished  ;  but  the 
contractility  of  muscles  under  the  electric  current  is  not  im- 
paired or  lost.  If  we  examine  the  mucous  membranes  of  the 
eye,  nose,  or  mouth,  the  same  condition  of  destroyed  sensi- 
bility will  be  detected,  but  the  viscera  remain  sensitive. 
Furthermore,  taste,  smell,  and  hearing  are  usually  rendered 
deficient,  and,  in  some  cases,  are  entirely  abolished,  on  the 
side  opposite  to  the  lesion ;  and  the  special  sense  of  sight  is 
affected  in  a  variety  of  ways,  which  will  be  described  in 
detail. 

In  the  admirable  work  of  Charcot,  *  a  diagram  is  given  to 
illustrate  the  effect  of  pressure  upon  the  optic  tract,  the  com- 
miasure,  and  the  optic  nerve  itself,  which  I  shall  use  in  the 
discussion  of  the  value  of  the  optic  nerve  as  a  guide  in  diag- 
nosis later  in  this  course ;  *  but  the  clinical  facts  afforded  by 
lesions  within  the  internal  capsule  fail  to  support  similar  re- 
suits  as  the  effect  of  intra-cerebral  pressure.  Thus,  in  lesions 
of  the  internal  capsule,  blindness  of  the  lateral  half  of  both 
retinae  {Jiemianopsia\  as  one  would  expect  to  find,  does  not 
exist ;  but,  on  the  contrary,  a  condition  of  arnblyopia  results, 
which  is  characterized  by  a  marked  contraction  of  the  field 
of  vision,  and  especially  so  as  regards  the  i)erception  of  color. 
By  consulting  the  diagram  given  you  in  the  description  of 
the  optic  nerve,*  you  will  perceive  that  the  field  for  blue  tints 
is  the  largest,  and  that  red  is  next  in  point  of  size,  while 


'  **  Lemons  Bur  les  maladies  du  sjst^me  nerveux." 
'  "  Lesions  du  Centre  Ovale." 

*  See  Grasset,  **  Localizations  dans  les  maladies  c6r6bralcs,"  1S78. 
<  Op.  eit. 

*  The  reader  is  referred  to  the  diagrammatic  cut  and  its  descriptive  text  in  the  lecture 
upon  the  optic  nerve. 

*  See  page  of  this  volume  containing  a  diagram  by  Hirscliberg. 
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green  comes  last."  Now,  in  lesions  of  the  internal  capsule, 
the  perception  of  these  colors  is  impaired  in  the  relative  pro- 
portion of  the  size  of  the  field,  and  thus  green  may  be  en- 
tirely lost,  while  the  vision  of  red  or  blue  may  atill  remain. 

It  has  been  shown  by  Lnndolt,'  who  has  done  much  to 
develop  this  special  field  of  investigation,  that  the  impairment 
of  ^-isiou  from  inti-a-cerebral  causes  is  not  alt<jgether  conlined 
to  one  side,  but  that  the  eye  upon  the  same  side  as  the  lesion 
is  somewhat  affected,  and  rendered  partially  anrcsthetic. 

If  we  examine  the  eyes  so  affected,  we  can  not  discover 
Ity  the  ophthalmoscojie  any  organic  disease  or  evidences  of 
degeneration  of  either  the  optic  nerve  or  the  retina,  provided 
that  the  examination  is  made  early,  l>efore  any  late  results  <tf 
the  blind  condition  of  the  eye  manifest  themselves  as  the 
effect  of  disuse,' 

As  has  been  before  stated,  the  condition  of  amblyopia  and 
the  absence  of  hemianopsia  are  in  opposition  to  what  the  ef- 
fects of  pressure  njton  the  optic  tracts  would  seem  to  suggest, 
but  we  still  have  a  cliniral  fact  to  explain,  viz.,  that  hemi- 
anopsia does  sometimes  oct-ur  with  attacks  of  hemiplegia. 
Ferrier  states  positively  that,  in  such  cases  as  these,  we  may 
conclude  that  the  lesion  must  Ite  either  situated  below  the 
cerebral  cortex,  or  exert  its  influence  lielow  the  cortex,  in 
case  it  be  contained  within  it.  The  angular  gyrus,'  which  Is 
now  considered  as  the  probable  center  of  vision,  Hoes  not 
seem  to  exert  any  influence  upon  the  motor  apparatus,  aa  is 
shown  by  its  destruction  in  animals. 

The  Occipital  Louks  of  the  cerebrum  have  been  stated  to 
be  properly  included  among  the  sensory  regions  of  the  cortex. 
Experiments  of  section,  or  even  of  crimjilete  removal  of  these 
lobes  of  one  or  both  sides,  however,  fail  to  show  any  effect 


'  Vinlrt  has  »  ilill  iirallcr  field,  but  it  is  not  ■hown  upon  the  ciiirL 

*  "  U  Fmncc  MMinkic,"  IdlT. 

*  Adt  iDtcr-cronlnl  Ipfion  nthicli  nds  in  euch  a  wnj  as  to  infrmie  ike  ii^ra-frmiiM 
prntun  lua;  produM  (in  widition  to  otber  >Tiiip(aiiis)  ihe  «indiiiuD  knomi  ■•  "  cliak«<1 
di>k,"  or  *  ncuro-retinilin, 

*  Tlie  rrador  ii  n'ferivd  to  th«  lecture  on  ihcoptic  nvrcc  for  further  ioIonnailDo  npoo 
tlilspoliil. 
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u;)OU  sensory  or  motor  functions.  So  negative,  indeed,  arc 
these  results  that  no  disturbance  of  taste,  hearing,  touch, 
smell,  or  sight  *  has  been  positively  produced.  It  is  from  the 
absence  of  positive  experimental  deduction  as  to  these  lobes 
that  the  distribution  of  the  decussating  fibers  of  the  optic 
trdcts  to  the  occipital  lobes  may  be  yet  considered  as  ques- 
tionable, although  such  an  anatomical  distribution  is  stated, 
by  many  late  authors,'  to  be  capable  of  verification. 

Certain  clinical  facts,  however,  seem  to  warrant  the  belief 
that  the  occipital  lobes  are  associated  with  more  apparent 
mental  derangement  than  the  frontal  or  temporo-sphenoidal 
lobes,  in  case  they  be  the  seat  of  disease,  and  the  conclusion 
of  Ferrier'is  thus  stated,  as  an  hypothesis:  " The  occipital 
lobes  are  specially  related  to  the  visceral  sensibilities,  and  are 
the  anatomical  sub-strata  of  the  correlative  feelings  which 
form  a  large  portion  of  our  personality  and  subjectivity."  It 
is  claimed  by  Hughlings- Jackson  that  irritative  lesions  of  the 
occipital  lobes  give  rise  to  colored  perception  of  objects  and 
other  ocular  spectra,  and  he  further  states  that  such  evidences 
of  defective  perception  are  more  common  when  the  lesion 
affects  the  right  side. 

The  Temporo-sphenoidal  Lobes  are  situated  between  the 
motor  area,  in  front,  and  the  occipital  lobe,  behind.  The  fol- 
lowing deductions  have  been  drawn,  by  experimental  re- 
search, as  to  the  special  functions  of  this  lobe  and  some  of 
the  adjoining  convolutions,  which  will  require  separate  con- 
sideration : 

The  apparent  connection  of  this  region  with  the  special 
sense  of  msion  has  been  noticed  by  Hitzig,  Goltz,  and  McKen- 
drick,  the  two  former  of  whom  confined  their  exx)eriments  to 
the  dog  si)ecies,  while  the  latter  operated  exclusively  upon 
pigeons.  Ferrier,*  however,  from  a  belief  that  other  functions 
could  be  demonstrated  as  pertaining  to  this  locality,  and  from 

'  Hank  claims  to  have  positively  proved  an  association  of  the  occipital  lobe  with  vis- 
ion, but  his  experiments  have  not,  as  yet,  been  fully  substantiated. 

*  Researches  of  Fcrricr,  Yeo,  Dalton,  and  others. 
'  ^  Localization  of  Cerebral  Disease." 

*  Op.  cit.  :  Ferrier  and  Yeo,  "Brain,"  1880 ;  Exner,  "Brain,"  October,  1880. 
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disbelief  in  the  methoil  pui-sued  by  Goltz,'  as  adapted  to  the 
reqiiirement-s  of  expenmental  research  concerning  the  func- 
tions of  limited  areas  of  the  cortex,  made  a  series  of  experi- 
ments iiiron  the  brains  of  monkeys,  and  claims  to  have  estab- 
lished some  new  points  of  physiological  interest,  and,  p(>s8ibly, 
nf  practical  value  in  cerebral  localization. 

The  conclusions  which  were  drawn  as  the  results  of  (he 
labors  of  this  leai'ned  and  original  investigator  may  be  thus 
summarized : 

1.  In  the  angitlar  gyrus'  is  sitnated  a  center,  which 
causes,  on  electric  irritation,  certain  motements  of  the  eye$, 
pupils,  and  head,  but  whose  destmction  creates  no  evidence 
of  motor  paralysis  in  the  muscles  of  either  the  eye,  ita  lids,  or 
the  pnpil.  Unilateral  destruction,  however,  of  this  center 
canses  blindness  of  the  opposite  eye,  which  proves  but  tem- 
poraiy  ;  while  the  destruction  of  both  sides  causes  a  perma- 
nent loss  of  sigJit  in  both  eyes,'  It  thus  appears  that  the 
center  of  either  side  ia,  to  some  extent,  connected  with  both 
eyes. 

2.  In  the  superior  temporo-sphenoidal  conrolution*  is 
found  to  exist  a  renter  which,  under  galvanic  stimnlation, 
creates  a  twitching  of  the  opposite  ear  and  a  modifimtion.  iti 
hearing  of  the  opposite  side,  but  which  it  was  found  difficnlt 
to  fully  ascertain  on  account  of  the  animal  not  being  able  to 
exhibit  appreciation  of  modilication  of  that  special  sense.  As 
in  the  preceding  center,  destmction  of  this  convolution,  npon 
one  aide,  caused  some  abnormality  of  hearing ;  and,  when 
both  sides  were  destroyed,  the  animal  became  totally  detif, 
but  no  motor  paralysis  could  be  discovered  in  either  case. 

3.  In  the  lower  extremttif  of  the  lobe  pi-eriously  desig- 
nated, a  center  was  found  whidi  seemed  to  exert  an  influence 
upon  the  speeitd  sdtse  of  fmell,  and  also  motions  of  the  no»- 

'  Ttialuf  in^)Iiinms  oTcr  lliv  -i")l  "i'k'i-(i'<l  for  iovciiipition,  and  nubias  •»»!*• 
bnia  tiv  a  fnrcihl«  vlit'iin  i>I  aaliT. 

■  Rrv>i>i>'  nwrkoij  U  b  Y'it.  lA  cif  ihia  Tiiliime. 

*  Tlie»p«riin«it*  ot  Uank,  Ludani, Tnniburinl,  Fcrri^r,  Ten,  Dtlion.  anil oitirrs  upon 
diMC  cratun  \va\v  tb«  ic\A,  a*  \r\.  ■  mailer  fur  fiiMbw  tnvMri^tioa. 

'S(«  diagremrnatieciit  on  ]>age  *»  at  thUTnlmiM;  Rghtna  marked  .4. 
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tiil  and  head  which  indicated  excitation  of  that  sense.  In 
the  regions  adjacent  to  this  convolution  the  special  sense  qf 
taste  became  affected  when  destroyed ;  and,  when  the  convo- 
lation  and  the  adjacent  region  were  destroyed,  upon  both 
sides,  tasie  and  smell  were  viterly  lost.  In  regard  also  to 
these  two  centers,  nnilateral  destruction  created  the  most 
marked  effects  upon  the  side  opposite  to  the  lesion,  while 
a  bilateral  destruction  abolished  the  sense  altogether, 

4.  In  the  region  of  the  hippocampus  some  evidence  was 
given  of  the  control  over  tactile  sensation,  but  the  situation 


PlB.  17. — A  diagram  illuilr^nff  lAt  tnunt  of  nerve  impulta  in  lAe  ixrebrum.  (After  Dodds.) 
A,  »he  motor  rtgiani  of  the  cerebral  corlei,  reprcecnled  bj  arrow-heade  ;  B,  the  immry 
rtgiota  ol  the  cerebral  corlei,  represented  by  circles;  C,  commisaural  Gbem,  con- 
necting the  two  regions  of  the  cortei  (probable,  but  not  posilively  demonstrat^ii) 

D,  Mnwry  tune  Jihert,  the  arrow  showing  the  eenlripetal  direclion  o(  the  impulse 

E,  motor  nervt  /4«ri,  the  Brrow  showing  the  cenlri/ugal  direclion  of  the  impulse 
C.  S,  "  enrpui  ttriatum  "  (the  probable  motor  ganglion  at  (he  base  of  the  eerebrum) : 

0.  T,  "optic  Ihalainvi"  (the  probable  tetifori/  ganglion  at  the  base  of  the  cerebrum); 

1,  a  few  utuory  fben,  posaiblj  connected  with  the  "corpu»  atriatum";  2,  a  few 
motor fibtit,  possibly  connected  with  the  "  optic  thalamus." 


of  the  part  rendered  experiment  ujwn  it  difficult,  and  some- 
what less  positive  than  those  upon  the  ai-eas  previously  dis- 


TEE  BRAiy. 

It  is  to  be  regretted  that  the  conclusions  of  this  author  as 
to  the  situation  of  these  special  centers  in  the  sensory  regions 
of  the  cerebrum  shoiilri  not  \ig  as  positively  sustained  by  i-Un- 
ical  and  pathological  facts  as  were  the  conclusions  drawTi 
fn»m  experimental  research  uiwn  the  motor  area  of  the  brain 
of  the  monkey  tribe.  Ferrier  endeavors  to  explain  the  dis- 
crepancy between  the  facts  obtained  by  exi>eriment  and  (hose 
afforded  by  disease  of  the  same  regions  in  the  human  brain, 
by  the  hypothesis  that  the  special  senses  may  be  governed 
by  a  bilalcral  rattier  than  a  unUateral  impulse,  as  the  ex- 
perimental facts  pertaining  to  the  special  senses  of  sight  and 
hearing  seem  to  warrant,  and  this  has  not,  as  yet,  been  dis- 
prttved,  since  all  of  the  cases  recorded  have  been  of  a  uni- 
lateral character. 

To  what  extent  these  physiological  subdi^-isions  of  the 
sensory  area  of  the  cerebrum  may  be  regarded  as  of  prac- 
tical utility  in  diagnosis  can  hardly  be  determined,  as  the 
field  is  still  a  new  one,  and  the  collection  of  clinical  and 
jwithological  records  is  insufficient  for  a  basis  of  positive  de- 
duction. 


THE  CORPUS  STRIATUM  AND  OPTIC  THALAMUS. 

These  two  Iwdies,  which  are  called  the  "  basal  gnnglla  ^ 
of  each  cereiiml  hemisphere,  are  undoubtedly  a  means  of 
comniiinication  between  the  gray  matter  of  the  convolutions 
and  the  fil>ei'a  of  the  cnira  cerebri.  While  it  can  not  be  de- 
nied that  some  of  the  fil)ers  of  the  internal  capsule  are  in  no 
way  connected  with  these  ganglia,  and  that  a  portion  of  the 
fibera  which  pass  through  them  on  the  way  to  the  convola- 
tions  are  apparently  independent  of  the  neire  cells  of  these 
ganglia,  still  the  greater  jiroportion  of  the  peduitciilar  fibers 
of  the  cerebrum  are  undoubtedly  indirect/ 1/  connected  with 
the  gray  matter  of  tlie  convolutions,  being  intimately  asaa- 
ciated  with  the  ner\e  cells  of  whichever  of  the  basal  ganglia 
they  are  obliged  to  pass  through,  in  order  to  reach  the  ex- 
terior portions  of  the  hemispheres. 


Fin.  IS.— Corpira  striata.  (Snppey.) 
1,  fifth  renlricle;  2,  Ihi;  two  laminie  a!  the  septum  liiciiliiin  meeting  In  fronl  nf  the  fifth 
veniricle;  8,  hipixxampus  minor;  4,  posterior  pnrtiun  of  the  corpus  raUoBum;  5, 
niiildic  portion  of  the  foroii;  fl,  piBlerioriiillsrof  ihefomii;  7,  hippoi-impui!  major; 
S.  eminenlU  coHalrrsKs;  0,  lateml  portions  of  the  romii;  10,  Fhoro!d  plexus;  II. 
(irnia  aemicircuUrii) ;    12,  corpus  vtriatum. 

Prom  Uie  statement  in  previous  lectures  of  the  experinien- 
till  and  clinical  deductions  as  to  the  various  portions  of  the 
cortex,  we  may  l)e  able  now  to  use  with  profit  the  ttco  a~rioms 
which  Foster,'  in  his  work  ujjon  physiology,  lays  down  as  to 
the  general  plan  of  action  of  the  brain  in  all  its  different  parts. 
Thus,  he  says:  "Tlie  preceding  discussions  enable  us  to  lay 
down  two  broad  propositions : 

'  Mich,  Foslcf,"A  Tcjt-Boot  of  Phjeioioi^."     London,  18T8. 
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"1.  The  functions  of  the  cerebral  ronvolutions  are  emrf- 
nently  psyclticnl'm  nature  ;  these  parts  intervene  only  in  those 
operations  of  the  ner^'ous  system  in  which  an  inUUigenf  con- 
scwusness  and  ■eoUtioji  play  a  part. 

"2.  The  hinder  parts  of  the  brain,  viz.,  the  corpora  qnad- 
rigemina,  cnira  cerebri,  pons  Varolii,  cei-ebeUum,  and  medtilia 
oblongata,  are  capable  by  themselves  of  oaiTj'ing  into  execu- 
tion complex  mocemenis,  the  coordination  of  which  implies 
very  considerable  elaboration  of  afferent  impulses ;  and  they 
c^n,  in  the  case  of  animals,  even  do  this  with  the  total  ab- 
sence  of  the  cerebral  hemispheres,  cori)ora  striata,  and  optic 
thalami." 

The  hj-pothesis,  which  was  long  since  advanced  by  Car- 
penter' and  also  by  Todd,'  that  the  corpus  striatum  is 
called  into  action  in  the  downward  transmission  of  motor 
im2>u]se-s  to  the  opix)site  side  of  the  liody,  and  that  the 
optic  thalamus  was  the  center  of  elaboration  and  transmission 
upward  of  sensory  impressions,  seems  to  be  accepted  as 
proven  by  some  authors,  while  others  are  inclined  to  regard 
it,  in  the  light  of  imperfect  evidence,  as  a  pleasing  but  sjiecn- 
lative  theory.  The  distribution  of  the  fliwrs  of  the  crus 
cereltri  certainly  points  strongly  to  the  corpus  striatum  as  a 
motor  ganglion,  and  to  the  optic  thalamus  as  one  destined  to 
preside  over  sensory  impulses. 

The  results*  of  experimental  investigation  as  to  the  corpora 
striata'  can  hardly  I>e  said  to  warrant  any  positive  deductions. 
In  some  instances,  the  entire  removal  of  these  ganglia  resulted 
in  no  loss  of  either  sensation  or  motion,  although  it  is  a  well- 
recognized  clinical  fact  that  hemorrhage  into  this  ganglion 
causes  hemiplegia  of  the  opposite  side.'  It  would  seem  also 
that  convulsions  are  more  fretjuently  produced  by  lesions  con- 
fined to  the  corjrara  striata  than  when  affecting  the  oprir  tlia- 

'  W.  B,  CtrpVDttr.  "  Prindplca  nf  Hunuui  PliTriology." 

*  Toild  and  Bohiiiiui,"  Pby*ialogicftl  AnalDHi]'." 

'  Tbc  Miriiu*  utriiituni  of  each  bcnilaiibcre  tak«n  rxJIeciiTclr  -,  heoc«  tlir  plural  imnl- 

ir  part  of  ihc  inlmnJ  capmlr  ctplaau 
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lami,  and  these  convulsive  movements  are  generally  crossed, 
like  the  paralysis  of  motion,  in  case  of  haemorrhage.  Both  Fer- 
rier '  and  Burdon-Sanderson '  found  that  galvanic  stimulation 
of  the  corpus  striatum  could  be  made  to  produce  convulsive 
movements,  and  occasionally  a  condition  of  complete  pleuros- 
thoUmos  of  the  opposite  side. 

The  two  portions  of  the  corpus  striatum  which  are  now 
recognized,  viz. ,  the  ventricular  portion  *  and  the  lenticular 
nucleus,  have  both  been  the  subject  of  special  investigation 
by  Nothnagel ;  *  but,  while  neither  seemed  to  be  concerned  in 
the  perception  of  sensory  impressions,  nothing  of  a  positive 
character  as  regards  the  functions  of  the  two  portions  was 
proven,  although  the  ventricular  portion  seemed  to  show  less 
effect  upon  voluntary  motion  than  the  lenticular  nucleus, 
when  both  sides  were  destroyed. 

The  optic  thalami  were  once  supposed  to  be  the  chief  gan- 
glia of  vision,  but  that  this  is  an  error  investigation  seems  to 
have  partly  proven.  Longet'  has  succeeded  in  destroying 
them  upon  the  two  sides,  and  has  been  unable  to  note  any 
impairment  in  vision  or  influence  upon  the  movements  of  the 
pupil ;  but  Lusanna  and  Lemoigne  •  state  that  blindness  of 
the  opposite  eye  followed  destruction  of  the  ganglion  upon 
one  side  only. 

Cases  of  cerebral  haemorrhage  throw  but  little  light  upon 
the  function  of  these  ganglia,  since  the  destruction  of  brain 
tissue  is  seldom,  if  ever,  confined  to  these  ganglia  only,  and, 
in  those  cases  where  its  limits  were  nearly  confined  to  this 
region,  paralysis  of  sensation  of  the  opposite  half  of  the  body 
has  been  noticed  without  actual  loss  of  motion  upon  that 
side,  although  the  movements  may  have  been  somewhat  en- 
feebled.' 

»  "  Functions  of  tlic  Brain,"  New  York,  1S79. 
»  "Proc.  Roy.  Soc,"  18Y5. 

•  Another  name  for  the  "  caudate  nucleus  "  of  the  corpus  striatum. 

•  Virchow's  "  Archiv,"  1873.     This  observer  used  injections  of  chromic  acid  into  the 
lenticular  nucleus,  and  destroyed  the  caudate  nucleus  by  means  of  a  special  instrument. 

»  "Trait6  de  Physiologic." 

•  "Fistologia  die  Centri  Nervosi  Encefalici,"  1871. 
'  Brown-S^quard,  "Archiv.  de  Physiol.,"  1877. 
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THE  CORPORA  QUADRIGEMINA. 

The  experiments  of  Adamiik,  *  by  which  he  endeavored  to 
prove  the  existence  of  a  center  or  a  collection  of  centers  in  the 
nates,  whose  function  w^as  to  control  the  movements  of  the 
eyeball,  will  be  considered  in  connection  with  the  motor  oculi 
nerve.''  They  seem  to  be  substantiated  in  great  measure  by 
Hensen,  Voelkers,  and  Knoll ;  and  that  a  center  also  exists 
in  the  nates  which  contracts  the  pupil  is  quite  as  positively 
ascertained.  This  arrangement  is  in  accordance  with  the  wise 
provisions  of  nature,  since  the  movements  of  the  eyeball  and 
the  pupil  (which  are  constantly  associated)  are  thus  controDed 
by  centers  in  close  proximity  to  each  other. 

The  experiments  of  Hensen,'  and  also  of  Voelkers,*  seem 
to  point  to  the  aqueduct  of  Sylnius^  w^hich  lies  immedi- 
ately underneath  the  tubercula  quadrigemina,  as  the  exact 
seat  of  these  centers,  since  stimulation  of  the  deep  por- 
tions of  the  nates  after  secticm  produces  more  uniform  re- 
sults than  could  be  obtained  before  the  deeper  parts  were 
exposed. 

Destruction  of  either  side,  in  the  region  of  these  ganglia, 
produces  blindness  of  the  opposite  eye ;  but  the  animal  can 
see,  even  after  the  cerebral  hemispheres  have  been  removed, 
in  case  the  tubercula  quadrigemina  are  left  intact.  This  latter 
statement  seems  somewhat  at  variance  with  the  results  of 
experiments  of  Ferrier  uj)on  the  angular  gynis^  as  given  in 
a  previous  lecture  of  this  coui-se,  in  which  vision  was  utterly 
lost  when  both  sides  were  destroyed  ;  but  it  only  goes  to  show 
that  the  cerebral  hemispheres  are  in  some  way  connected  with 
the  tubercula  quadrigemina  in  the  perceptions  gained  by 
sight,  since,  when  the  hemispheres  are  removed,  an  apparently 
crude  vision  remains. 

Tlie  sense  of  sight  has  a  marked  effect  ui)on  the  coordina- 

*"Cbl.  med.  Wis?.,"  1870. 
'  See  later  pages  of  this  volume. 
«  "  Ai-chiv.  f.  Ophthalmol,"  1878. 
*  Ibid.,  1878. 
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tion  of  movement/  and  the  discovery  of  Flourens,"  that  the 
removal  of  the  tuberciila  quadrigemina  created  impairment  of 
this  i)ower,  sustains  the  belief  that  the  ganglion  of  vision 
must  be  in  some  way  associated  either  with  the  cerebellum, 
crura,  or  pons  Varolii,  in  their  effects  upon  coordination  of 
muscular  movements. 

THE  CRURA  CEREBRI  AND  PONS  VAROLII. 

These  parts  form  the  larger  portion  of  the  meso-cephalon, 
and  are  abundantly  supplied  with  gray  matter,  which  seems 
to  be  mixed  throughout  its  interior.  We  thus  infer  that  these 
parts  have  some  individual  functions,  in  addition  to  being 
simply  connecting  commissures  between  the  upper  parts  of 
the  brain  and  spinal  cord,  but  what  these  functions  are  it  is 
difficult,  at  present,  to  say.  Both  of  these  regions  are  unques- 
tionably connected  in  some  way  with  the  power  of  coordina- 
tion of  muscular  movement,  since  section  of  either  of  them 
results  in  marked  disorder  of  this  function,  and  often  in  un- 
natural and  forced  movements. 

The  fact  that  some  of  the  nerve  fibers  decussate  in  these 
regions  seems  proven  by  clinical  evidence,  since  lesions  of  the 
pons  Varolii  often  yvo^uce.  paralysis  of  the  facial  nerve  upon 
the  same  side  as  the  lesion,  while  the  opposite  side  of  the  body 
is  affected  below  the  face.' 

The  facial  nerve  makes  its  exit  from  the  side  of  the  me- 
dulla oblongata ;  some  of  its  roots  of  origin  can  be  traced  as  far 
as  the  floor  of  the  fourth  ventricle,  others  come  from  the  lower 
part  of  the  medulla  oblongata,  and  others  descend  from  the 

*  This  subject  is  quite  fully  discussed  in  connection  with  the  optic  nerve. 

*  "Rechcrches  expcrimentalcs  sur  les  propri6t6s  et  les  fonctions  du  sjst&me  nerveux/' 
1845. 

'  This  class  of  paralysis,  where  certain  cranial  nerves  arc  paralyzed  on  the  same  side 
as  the  existing  lesion,  while  the  body  is  rendered  hemiplegic  on  the  opposite  side,  is 
called  **<TOMM//Mxra/y«*«"  (the  "  paralysie  alteme  "  of  the  French).  It  presents  ae^vra? 
tifpet  depending  upon  the  cranial  nerve  afTected  ;  hence  the  so-called  third  nerve  (motor 
nculi)  and  body  type,  the  fifth  nerve  (trigeminus)  and  body  tjrpe,  the  seventh  nerve  (facial) 
and  body  type.  Professor  Romberg  of  Berlin  and  Gubler  of  Paris  have  done  much  to 
elucidate  the  clear  appreciation  of  this  complex  form  of  paralysis  and  the  mechanism  of 
its  production. 


upper  border  of  the  ptms  Varolii,  where  they  probably  decns- 
sate.  Now,  a  lesion  existing  in  a  lateral  half  of  the  pons  Va- 
rolii will,  therefore,  prnductj  a  paralysis  of  tlie  correspondinfi 
facial  nerve  and  of  the  opposite  spinal  nerves ;  whereas,  if  it 
occur  above  the  point  of  decussation  of  the  encephalic  fillers, 
the  paralysis  will  be  on  the  opposite  side  for  all  parts  of  the 
body.  These  facts  are  shown 
in  the  accompanying  diagram 
(Fig.  19). 

It  is  obvious,  from  a  stndy 
of  tliis  diagram,  that  a  lesion 
of  one  lateral  half  of  the  pons 
-f  (at  I)  will  cause  paralysw  of 
motion  and  of  sensibility  of 
the  opposite  side  of  the  Ixidy 
generally,  and  of  the  corre- 
sjMmding  side  of  the  faro; 
and  that  a  lesion  of  the  hemi- 
sjihei-e  (at  7»)  will  pi-odnce  pa- 
ndysis  of  the  opposite  side  of 
the  face  and  l)ody. 

As  we  might  naturally  ex- 
pect from  the  direction  of  the 
fibers    of    the    pons    Varolii, 
fta.  \9.— A  in'i^aiH  to  ijituiraif  thf  meifwl   this  portion  of  the  brain  acts 


b 


^prvi/vaiiH  y'emiMdpamli/n:  (Af  Ut 
a,  thr  hit  hcmiRpbcK ;  h.  right  hnlfof  pons ; 


f  a  direct  condiirtor  of  boih 
motor  and  sensory  imi>ression8 
from  and  to  the  cerebrnm ; 
while  the  collections  of  gray 
matter  within  its  substance 
prove  it  to  possess  some  func^ 
tions  of  its  own  which  are 
indeiK-ndent  of  the  stimula- 
tion of  the  cerebral  cortex. 
Without  entering  into  the  different  experiments  which  have 
been  made  to  determine  tlie  exact  part  which  thia  portion 

■  HammDOiI, "  Dlwwci  of  the  Xerroiu  S.Tftem."     Xcw  Vai%,  ISTS. 


liber  dpctwutbir  ■(  ujipcr  iHinlcr  < 
pon* ;  A,  Mcciuling  Hbvr ;  i,  wmiory 
MOt  of  (pinal  nerve ;  Jt,  ni  '  ~    * 

tcaaoij  ntry»:  t,  lesion  ii    , 
Irrion  In  l«ft  brmlRphcrv:  n,  parnljrxBl 

Krt  viipplicd  br  (nruil  nerve ;  o,  para- 
.  nd  part  «uppliDtl  liy  (pinal  ui 
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of  the  meso-cephalon  plays  in  the  complex  machinery  of 
movement  and  sensation,  it  seems  probable  that  the  pons 
Varolii  is  capable  of  originating  a  stimulus  which  may  give 
rise  to  voluntary  motion  without  the  aid  of  the  hemispheres, 
and  that  it  probably  regulates  those  automatic  movements 
which  govern  station  and  progression.  The  experiments  of 
Vulpian '  and  Longet '  also  seem  to  prove  that  the  sensation  of 
■pain  is  perceived  by  the  jwns  Varolii  even  when  the  cerebrum 
and  the  basal  ganglia  are  removed,  which,  when  these  por- 
tions ai-e  allowed  to  remain,  are  probably  transmitted  to  the 
hemispheres  as  sensations,  and  are  there  remembered. 


THE  CEREBELLUM. 

There  seems  to  be  a  greater  contradiction  between  the  de- 
ductions drawn  from  the  results  of  experiment  upon  the  cere- 


Fio.  ifi.—CcrAiaum  nni  medulla  obhni^ala.     (ITirachfold.) 
1,  I,  corpus  dentatum  ;  2,  tuber  annulare  ;  8,  section  of  the  niiilJle  peduncle  :  4,  4,  4,  4, 
4,  Itminie  fonoing  the  arbor  vit^ ;  B,  E,  olirar;  bodv  of  the  mcdulln  oblongata :  6, 
■nteiior  pjniniiil  of  tbc  tucdulla  oblongaia ;  7,  upper  eitreioitj  of  the  apioal  eonl. 

bellum  and  the  statistics  of  well-reported  pathological  ob- 
servation than  exists  with  any  of  the  other  ganglia  of  the 


encephalon,  since,  although  the  power  ot  governing  coordina- 
tion of  muscular  movements  luis  genei-ally  been  aitribuletl  Ui 
it  by  most  physiologists,  cases  are  on  record  where  tlie  wlmle 
ganglion  hiis  lieen  almost  destn)yed  by  disease  in  man,  and 
still  no  marked  effect  upon  coorilination  has  I)een  obser\'ed. 

The  experiments  of  Flourens,'  Bouillaud,"  Vulpian,'an^ 
othei-s  seem,  however,  to  show  that,  while  removal  of  any 
portion  of  the  cerebellum  produces  intei-ference  with  the  co- 
ordinating ptiwer  over  the  voluntary  muscles,  a  reeonery  slill 
takes  place,  after  a  lapse  of  time,  without  a  regeneration  of 
the  severed  jxjrtion  ;  and  this  fact  alone  may  assist  tis  to  ex- 
plain how  very  liu-ge  portions  of  the  cerebellum  may  be  gradu- 
ally destroyed  by  disease  and  the  remaining  part  acquire  the 
power  of  perfoi-ming  the  normal  function  of  the  entire  gan- 
glion. Thus  Andral '  reported  some  ninety  cases  of  disease  of 
the  cerelHjllum,  in  all  of  which  but  one  the  symptoms  wore 
not  so  well  marked  as  to  supjiort  the  theory  of  the  coordina- 
ting function  of  that  ganglion,  but,  in  many  of  these  cases,  as 
proven  by  Flint,*  the  circumstances  warranted  no  iihysiological 
deduction  whatever,  while  in  others  the  destruction  was  not 
more  extensive  than  had  frequently  been  made  on  animals  and 
recovery  of  the  coonlinating  power  ijeen  jwrfectly  regained. 

There  are  certain  facts  which  tend  to  show  some  connection 
between  the  semicircular  canals  of  the  ear  and  the  cereljelliim, 
and  some  authors  have  endeavored  to  pi-ove  that  the  effects  of 
section  of  the  cereltellum  are  due  in  great  measure  to  a  rrr- 
tigo  produced  similar  to  that  which  exists  in  rhe  so-i-alletl 
*'  Meniere's  malady,"  which  is  dependent  upon  the  ear  mech- 
anism.' The  ex|)eriments  nf  Purkinje  on  the  human  cereliel- 
lum,  by  passing  the  electric  current  through  the  head  from 
ear  to  ear,  showed  a  marked  tjTJe  of  vertigo  to  ensue  ;  and  aa 
oscillation  of  the  eyes,  which  ]wrfonn  all  varieties  of  move- 
ment, was  observed  by  Hitzig '  in  the  same  class  of  experiment. 

'  c^.  m.  •  Op  rU.  '  op.  fH. 

*  "  CUniquc  MMIcnIc  "  Diictuw-J  «a(l  quota]  In  lull  In  tli«  "  T«l-Book  of  PhjilologT," 
bj  A.  FUnt.  Jr. 

*  A.  Flini.  Jr..  "Tptt-Uook  of  Phy.iology,"    New  Tfork,  1880. 
■  Sm  lecture  on  the  auditor;  nem.  '  O/t,  M. 
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Numerous  attempts  have  been  made  to  connect  the  cere- 
bellum with  the  sexual  functions,  but  the  results  of  later  ex- 
periments seem  to  locate  the  center  of  the  sexual  appetite  in 
the  spinal  cord,  somewhere  in  the  lumbar  region. 

Stimulation  of  the  cerebellum  has  been  observed  to  create 
peristaltic  movements  in  the  oesophagus  and  stomach,  as 
shown  by  Budge,  *  and  diabetes  has  been  observed  to  follow 
galvanism  of  this  ganglion,  by  Eckhard.'  Some  relation  be- 
tween the  cerebellum  and  the  intestinal  tract  seems  to  be  fur- 
ther demonstrated  by  the  researches  of  Schiflf,  who  observed 
that  after  injuries  to  the  i)eduncles  of  the  cerebellum  an  in- 
flammatory condition  of  the  intestine  followed,  which  was  of 
so  acute  a  type  as  to  be  accompanied  with  haemorrhage. 

The  hypothesis  of  Mitchell,  that  the  cerebellum  is  the  store- 
house for  nervous  force  for  use  in  emergencies,  is  plausible, 
from  the  remarkably  numerous  and  intimate  connections  of 
this  ganglion  with  other  parts  of  the  nervous  system,  but  can 
not,  as  yet,  be  considered  as  proven. 

The  cerebellum  is  remarkable  for  the  numerous  connections 
which  exist  between  it  and  the  other  parts  of  the  nervous  sys- 
tem. Each  hemisphere  is  connected  with  the  caudate  nucleus 
and  the  hemisphere  of  the  cerebrum  of  the  opposite  side ; 
also,  by  special  fibers,  with  the  substance  of  the  pons  Varolii 
and  the  deei)er  parts  of  the  meso-cephalon  (including  its  gray 
and  white  substance) ;  again,  with  the  medulla  oblongata  and 
the  spinal  cord ;  and,  finally,  the  existence  of  commissural 
fibers  connecting  the  hemispheres  of  the  cerebellum  is  prob- 
able. The  close  relation  which  it  bears  (1),  to  the  medulla, 
whose  numerous  centers  are  doubtless  well  known  to  you  all ; 
(2),  to  the  corpora  quadrigemina  and  its  center  governing  the 
vaso-motor  function,  and  having  a  possible  effect  upon  con- 
vulsive movements ;  (3),  to  the  ''  tegmentum  cruris,"  the  great 
sensory  tract ;  and  (4),  possibly  to  the  third,  fourth,  and  eighth 
nerves,*  which  have  been  traced  by  some  observers  to  this 

^  As  quoted  by  Foster. 

«  Efkhard'fl  "  Bcitriige,"  1878. 

'  This  source  of  origin  is  as  yet  undecided. 
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ganglion,  certainly  seem  to  point  to  some 

functions  as  located  in  this  part  of  the  brain,  but  at  present 

little  can  be  positively  stated. 

The  intimate  relation  which  this  ganglion  bears  to  theae 
parts  renders  it  a  matter  of  extreme  difficulty  U*  discrim- 
inate, clinically,  between  the  results  of  disease  of  the  cerebel- 
lum and  the  effects  of  pressure  created  upon  adjacent  repuns. 
When  we  consider  how  near  the  ganglia  of  vision,  the  points 
of  origin  of  the  third,  fourth,  and  sixth  nerves,  and  the  various 
nuclei  of  the  fourth  ventncle,  are  to  the  cei-ebellnm,  we  can  un- 
derstand why  careful  obsen'ers  are  loath  to  accept  s^-mptoms 
referable  to  the  eye  or  ear  as  positive  evidence  of  cerebellar 
disease,  and  why  vomiting,  so  often  present,  may  not  Iw  at- 
triluited  with  equal  force  to  pressure  exerted  upon  the  me- 
dulla oblongata.  In  point  of  fact,  we  can  only  consider  Ibe 
symptom  called  "cerebellar  ataxia"  and  the  presence  uf 
pain  in  the  occipital  region  as  of  positive  value  in  the  diag- 
nosis of  disease  of  this  ganglion,  and  even  these  may  often 
be  absent. 

AVhen  the  loss  or  cooi-dination  of  mo^'ement  dependent 
upon  disease  of  the  cerebellum  is  well  marked,  a  jwcuHarity 
nf  attitude  in  walking,  caUed  by  some  authore  "  tituljation," 
is  derelojied.  The  imtient  walks  with  the  feet  widely  .<»ei«- 
rated :  the  trunk  is  usually  Iwnt  forwaixl  ami  sways  constantly; 
while  the  hands  and  arras  are  used  to  preserve  the  equilibrium 
of  the  body.  The  absence  of  all  spasmodic  movement,  of  tre- 
mor, and  of  the  want  of  harmony  between  antagonistic  groups 
of  muscles,  as  seen  in  true  ataxia,  tends  to  distinguish  it  from 
other  forms  of  disease.  The  upper  extremities  are  miunlly 
free  fmm  this  impei-fect  coordination ;  closing  of  the  eyes 
sometimes  increases  the  ataxic  symptoms,  but  often  faiU  (o 
atfpct  them  ;  the  recumbent  position  seems  to  arrest  all  sjTnp- 
tom-s  of  incoordination  ;  and  the  general  c<mdition  chwely  re- 
sembles that  of  alcoholic  intoxication.  The  recent  researches 
of  Notlinagel,  in  which  he  publishes  the  analysis  of  over  two 
hundn-d  and  fifty  cases,  seem  to  point  to  the  Bui>erior  vermi- 
fonn  process  as  the  region  most  liable  to  produce  this  type  of 
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atairia.  He  states  that,  if  the  patient  be  barefoot,  the  toes 
will  be  seen  to  be  in  active  motion  ;  that  the  patient  will  bring 
the  foot  to  the  floor,  sometimes  on 
the  heel  and  sometimes  on  the  ball, 
irrespective  of  intention,  thiis  giv- 
ing an  irregularity  to  the  move- 
ments of  that  member ;  that  the 
body  will  sway  to  and  fii> ;  and 
that  the  legs  will  be  seiwirated  in 
order  to  afford  additional  security 
in  the  standing  or  walking  position. 

TUE  MEDULLA  OBLONGATA. 


This  ganglion — the  uppermost 
»rtion  of  the  spinal  coi-d — is  the 
ne  nerve  center  of  aniTual  life, 
iice  immediate  death  follows  se- 
I  injury  to  its  substance.     The 
Jit  that  the  seventh,  eighth,  ninth, 
nth,  eleventh,  and  twelfth  nen-es 
arise  dii-ectly  from   this  ganglion, 
and  that   some  fibers  from  othei- 
of  the  remaining  six  cranial  nerves 
can  be  traced  to  the  cavity  of  the 
medulla  —  the   foui-fh  ventiicle  — 
Tes  to  explain  the  importance 
this  special  nerve  center.     Tn 
tadition  to  the  special  influence  of 
mefliilla  oblongata  upon  the 
lerves  which  arise  from  it,  it  con- 
*"tBins  most  of  the  fil)ers  which  are 
distributwl  to  the  other  parts  of 
the  encephalon,  and  thns  it  must 
transmit  both  the  motor  and  sen- 
sory impulses,  as  they  pass  fi-om 
fi&d  enter  the  cei'ebrum. 


Sia.  Z\.— Anterior  viea  ef  Iht  mt- 
dulla  tAlongata.     (SnppCJ.) 

1,  Infii  Dill  bill  iim ;  2,  inlwrdnereum; 
n,  corpora  alhicnolla;  A,  cere- 
briU  peiliini'le ;  D,  tiib«r  umu- 
laro ;  0,  oriinn  ol  the  middlv  pc- 
iliindc  of  tlic   orrdtcUum :  T, 

anitrior  pi/mmidt  o/'  llie  tnnM- 
I't  oihtifftiltt  ;  8,  tHeuieatlau  of 
t/ie  nHlerior  pj/mmidi  ;  V.o/ira- 
ri/  btHlifg  ;  ]  l>,  rmlifinyn  India  ; 
11,  aniform  fbtri  ;  IS.  oppor 
extremii;  of  ibe  (pinal  cord ; 
m,   Ugamcntum  denticuluuin  ; 

14,  M,  duni  nialer  of  the  cord; 

15,  optlo  tracts;  1H,  cUlum  of 
the  oplic  nerres  ;  17,  luolorctcu- 
II  cammiinis  1  lg,piitiictl<!us:  10, 
fiFth  nerve;  SO,  motor  oeull 
piternut;  !l,  ficial  nerre;  SS, 
niiditory  nerve ;  SX,  nerve  of 
Wrlsbvi'g ;  24,  glossu-pliiirfiigp- 
b1  ncrre;  SG,  pncutiioga^lm' ; 
!A.  se,  Bplnni  anvesoty ;  ST, 
subKn^Bl  nerve;  29,  SB,  SO, 
cervical  nerve* 


THE  BRAIK. 

The  medulla  is  possessed  (tf  a  large  nmoiint  of  ffray  mat' 
ttr  witliiti  its  inferior,  where  it  furaia  the  lining  of  the  cavity 
(it  the  fomth  ventrifle  ;  and  it  is  in  this  gray  matter  thai  the 
action  of  the  medulla,  which  is  largely  rejiex  in  charactw, 
takes  place.  From  the  ner\'es  which  spring  from  its  sab- 
stance,  we  should  expect  that  these  retiex  acts  should  be 
rhieily  concerned  in  the  movements  of  the  facial  muscles  by 
means  of  tlie  seventh  nerve;  with  audition  Iiy  means  of  the 
eighth ;  with  deglutition  l»y  means  of  the  ninth ;  with  res- 
liiration  through  the  pneuraogastric  or  tenth  nerve ;  with 
phonatioQ  and  the  action  of  the  heart  by  means  of  the  spi- 
nal accessorj' ;  and  with  lingual  movements  by  means  of  the 
hypo-glossal. 

Various  collections  of  gray  matter  in  the  floor  of  the  fourth 
ventricle  have  lieen  described  by  Lockhart  Clarke,  who  has 
connected  them  with  special  nerve  roots  ;  while  experimental 
investigation  iias  also  determined  certain  Ri»eci!il  phyaiologi- 
cal  centers  to  have  their  seat  within  tlie  sulistance  of  the 
medidla  oblongata.  As  the  former  centers  may  be  found  In 
almost  all  of  the  later  works  upon  descriptive  aiiaiomy,'an 
enumeration  only  of  the  physiological  centers  will  W  given, 
since  their  presence  adds  much  to  the  interest  which  per- 
tains to  the  medulla  as  a  reflex  ganglion. 

1.  The  Tespiraiory  center,  wliich  governs  the  respiratory 
acts,  in  response  to  sensory  impressions  transmitted  to  it  by 
means  of  the  pneumognstiic  nen-e. 

2.  The    raso'Viotor  center*  which  seems   to  control  the 

'  Tho/™rtA  enm'«l  nerve  i«  jbIiI  to  arise  from  ■  nucleiu  on  tlic  outer  tUt  of  Um  1» 
cii»  (^oiriilviia.  The  MgemiimM  (flfiU  i-rBDiBl>  ncrre  probHlily  kriict  froni  two  nuclei  (ita*- 
Uil  It  ilic  outer  uigic  of  (he  Boor  of  the  tourtb  leDtricle ;  the  niore  rtlirnul  or  nmtarj 
nniirun  Ivin;;  continuoUB  wiili  the  );rBy  talwrrlc  of  Roluido,  "hUe  tlio  inlvnut  or  a— /at 
nudrm  IliM  clow  lu  the  teniory  nuclciix,  but  nntrer  thp  mctlian  line.  Id  tlie  iippar  balf 
ot  Iho  fourth  vcwticle.  the  titlh  crmninl  nerre  ami  tntvltt  cmnial  ntrvc  ilanai)  takoUwir 
origin  tmni  dlailnvt  niioli-i.  The  awlilorg  nrrvt  (rlghth  i.T«nul)  hog  two  MiMraut  nocM, 
••  hM  the  Bflh  onitiUI.  calliil  ihn  in'o-wa/  und  rrlmud  tnuHlom  nuAi,  whiA  an  attaaUd 
below  (lio»e  of  the  tHgenrtnus  nerve  and  ■bove  the  nucleus  for  th»  glo«o-pl>u7ag«l 
Mirfc.  FlliHlly,  In  tlic  loaor  half  «(  Ihc  fourth  vi'Dtriote.  cImo  to  the  poauira-inodlui  B*- 
fure,  ftrv  found  «i>r«r*l«  nuclei  of  origin  for  the  gl<»«o-ph«>7ng»ul.  iminimogulrle,  t>>* 
vworv  portion  of  thr  «rln«l  «c«*«ory.  nml  the  hrp"-el"»«»l  nervct. 

•  The  upjior  limit  of  this  ccolrr  ia  the  mbbil  i»  |<Uecd  hj  0"»i»nniLow  |Ln(lwl|'* 
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caliber  of  the  larger  blood-vessels,  by  means  of  efferent  im- 
pulses, transmitted  chiefly  through  the  splanchnic  nerves, 
which  affect  the  muscular  coat  of  the  vessels  of  the  thorax, 
abdomen,  and  pelvis. 

3.  The  car dio- inhibitory  center^  by  which  the  heart  is 
arrested  in  diastole,  or  held  under  control,*  in  response  to 
sensory  impressions  carried  to  the  medulla  from  other  sources 
by  means  of  sensory  nerves. 

4.  The  center  for  deglutition^  which  controls  both  the 
second  and  thii'd  stages  of  that  act,  or  from  the  time  w^hen  the 
bolus  passes  the  isthmus  of  the  fauces.' 

5.  The  center  for  the  movements  of  the  oesophagus  and 
the  stomachy  with  its  allied  center  for  the  control  of  the 
mechanism  of  the  act  of  vomiting. 

6.  The  diabetic  center ^^  which,  when  stimulated,  produces 
a  saccharine  condition  of  the  urine. 

7.  The  salivary  center ^^  which,  upon  excitation,  tends  to 
increase  the  flow  of  the  saliva,  and  possibly,  also,  the  pancre- 
atic fluid  and  the  other  digestive  juices. 

'*  Arbeitem/'  1871)  at  about  2  mm.  below  the  tubcrctila  quadrigemina,  and  its  lower 
limit  at  about  4  or  5  mm.  above  the  calamus  scriptorius.  Clarke  locates  it  near  to  the 
origin  of  the  facial  nenre,  and  claims  that  large  multipolar  cells  can  be  detected  in  the 
vaso-motor  area;  while  Dittmar  (Lud wig's  "  Arbcitcm,"  1873)  places  it  chiefly  in  the  lat- 
eral columns,  after  the  fibers  have  been  given  off  to  the  decussating  pyramids.  Besides 
this  vaso>motor  center  in  the  medulla  oblon^'-ata,  other  parts  of  the  spinal  cord  unques- 
tionably  exert  a  positive  vaso-motor  influence,  causing  constriction  or  dilatation  of  the 
blood-vessels. 

>  If  the  mesentery  of  a  frog  be  exposed,  and  a  slight  tap  be  given  it  by  the  handle  of 
the  scalpel,  the  heart  will  at  once  cease  to  beat,  but  will  soon  resume  its  function.  This 
experiment,  coupled  with  many  others  of  interest,  seems  to  point  definitely  to  the  medulla 
as  the  seat  of  mediation  between  afferent  sensory  impulses  and  efferent  inhibitory  im- 
pulses upon  the  heart. 

'  This  subject  will  be  found  discussed,  at  some  length,  in  the  pages  devoted  to  the 
mechanism  of  deglutition,  as  well  as  the  movements  of  the  oesophagus. 

*  The  diabetic  center,  as  marked  out  by  Eckhard,  corresponds  closely  to  that  defined 
by  Owsjannlkow  as  the  vaso-motor  area.  Pricking  of  this  center  in  a  well-fed  rabbit  will 
produce  a  considerable  amouut  of  sugar  in  the  urine,  within  an  hour  or  two  following  the 
experiment.  This  effect  is  poorly  marked  in  animals  whose  livers  have  been  deprived  of 
glycogen  by  starvation. 

*  The  flow  of  saliva  is  apparently  a  reflex  act  dependent  upon  afferent  impulses  per- 
ccived  through  the  gustatory  branch  of  the  fifth  cranial  nerve,  the  efferent  impulse  being 
transmitted  by  means  of  the  chorda  tympani  branch  of  the  facial  nerve.  It  is  this  func- 
tion of  the  latter  nerve  that  is  considered  by  some  physiologists  as  explanatory  of  the  effect 
of  the  chorda  upon  taste.    (See  pages  descriptive  of  the  facial  nerve  and  its  branches.) 
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Finally,  it  is  proven  that  the  medulla  oblongata  in 
plays  a  part  in  the  cooi-dlnatiun  of  movement,  and  it  may  Ije 
considered  probable  that  in  man  the  same  property  is  Wkv- 
wise  piissessed  ;  but  it  is,  unfortunately,  incapable  of  demoD- 
stration,  as  the  death  of  the  indiHdnal  usually  follows  anv 
traumatic  lesion  of  tliis  ganglion. 

The  t:linical  asjtects  of  the  medulla,  its  minute  anatomy, 
and  its  physiological  construction,  will  be  more  fully  consid- 
ered in  connection  with  the  spinal  cord  and  cranial  nerves. 

THE  SURGICAL  BEABINSS  OF  CEREBRAL  TOPOGRAPHY. 

In  the  year  1861,  Broea  invented  a  scientitic  method  of  de- 
termining the  relations  of  different  parts  of  the  cerebrum  to 
the  exterior  of  the  skull,  which  consisted  of  driving  ]>egs 
through  the  skulls  of  animals  and  of  cadavere,  holes  havin|( 
been  previously  bored  through  the  bone  in  order  to  prevent 
fracture  and  injury  to  surrounding  parts.  The  skull-cap  wns 
then  removed  nith  extreme  care,  and  the  convolutions  which 
were  wounded  were  thus  determined.  It  was  discovered  by 
this  obsen'er  that  the  Jissure  of  Rolando,  whose  relation  to 
the  coronal  suture  was  then  unknown,  lay  obliquely,  and 
that  its  upijer  extremity  could  I>e  placed,  with  great  accuracy 
in  man,  at  a  point  sltuatedyor^^  millimetres  behind  fhe  coro- 
nal suture.  This  fissure  was  particulm-Iy  studied  on  account 
of  its  relation  to  the  Tiiotor  Tegioa  qf  the  eortex,  and  its  exact 
bearing  to  the  exterior  of  the  skull  was  therefore  of  great  im- 
portance. The  same  oliserver  was  also  able  to  prove  that  the 
external paTirto-ocdpitalJlssiire  of  the  cerebrum  lay  under  the 
InmMoid  .•iiiliire  of  the  cninium.  In  1873,  the  experiments  of 
IleflltT  and  Bi^^choff  were  added  to  those  of  Hroca,  while  Tur- 
ner folkiwed  with  his  reseairhes  in  18*4.  and  Fere  in  1875. 
The  tlniwiugs  which  Turner  furnished  were  admirable  in  thar 
way,  liut  are,  to  my  niiml,  hardly  adapted  to  the  purixisi's  of 
the  snrgenn,  since  the  guides  whinh  the  bony  pniminenoea  ot 
the  skull  afford  are  not  brought  into  such  pn>minpnce  via  to  be 
readily  comprehended  by  itie  cusiuU  reader.    If  the  surgeon  is 
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to  utilize  the  valuable  researches  of  the  investigators  above 
named  (and  several  most  brilliant  surgical  operations  have 
already  been  i)erformed  from  the  light  which  the  newly  ac- 
quired knowledge  of  the  topogi'aphy  of  the  cerebrum  has  af- 
forded), certain  hony  prominences  of  the  skull  must  be  des- 
ignated, as  of  importance,  as  guides  to  the  special  convolu- 
tions and  fissures  of  the  brain.  Now,  there  is  one  line  which 
is  easily  drawn  upon  the  head  of  the  living  subject  (the  alve- 
olo-condyloid  plane  of  Broca),  upon  which  perpendicular  lines 
may  be  described,  intersecting  certain  bony  points,  which 
lines  can  be  utilized  as  guides  to  parts  whose  situation  is 
now  positively  known.  This  base  line  should  be  a  straight 
one,  and  should  intersect  the  tip  of  the  mastoid  process  and 
the  line  of  the  cusps  of  the  teeth  of  the  upper  jaw.* 

This  is  the  natural  posture,  of  the  human  skull,  when  the 
upper  jaw  is  removed  and  the  skull  placed  upon  a  table ; 
hence  it  is  a  plane  admirably  adapted  for  the  study  of  the 
guides  (which  will  be  given),  upon  the  skeleton,  in  the  office 
of  each  practitioner,  previous  to  an  operation.  Furthermore, 
a  skull  can  easily  be  painted  upon  its  exterior  so  as  to  bring 
the  lines,  designated  as  important,  into  prominence,  and  so 
assist  the  surgeon  in  the  review  of  those  points  which  pos- 
sess special  value.  The  contribution  of  Fere  is,  to  my  mind, 
the  best  of  all  the  authors  named,  since  it  presents  the  points 
most  needed  by  the  surgeon  in  a  practical  way ;  and  the 
resume  of  his  guides  is  so  tersely  and  clearly  stated  by  my 
friend  Professor  Seguin  that  it  would  be  useless  to  attempt  to 
improve  upon  it.  It  vaW  be  perceived  in  the  plate,  intro- 
duced to  make  these  guides  more  clear  than  a  mere  verbal 
description,  that  the  line  described,  viz.,  the  alveolo-condy- 
loid  plane  of  Broca,  is  used  as  a  base  line  xx^n  which  to 
erect  perpendiculars  at  distances  which  can  be  accurately 
measured  upon  it ;  and  that  these  pei-pendicular  lines  inter- 

*  This  author  places  the  line  as  intersecting  the  condyle  of  tlu  occipital  hone  ;  but,  as 
this  can  not  be  felt  in  the  living  subject,  and  as  it  corresponds  to  the  tip  of  the  mastoid 
proees$y  I  have  modified  the  guide  so  as  to  simplify  its  exact  situation  upon  the  exterior 
of  the  skulL 
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sect  cerlam  regions  which,   from  facts  previonsly  i 

are  tif  Ihe  greatest  importance.    1  quote  the  resumi  of  Seguin ' 

upon  this  special  department  of  cerebral  localization  : 


r^. 


FlQ.  Si.^OulUiie  o/iiull  rrtlUg  apnn  iKe  nlitolo-comtiiluiJ plane  of  Br*iTa.  (UodMnl  fiOM 
Topinunl's  "  Antbropology  '  hytfeguin.) 

Vertltal  line  4,  or  nuriculo-brei^imlic.  Line  B-10,  dniim  parnlUl  to  the  pUnr  of  Itroc*. 
Upon  this  line,  u  a  distance  iit  45  Enm.  pontei'ior  to  the  hi^Mtma,  d  vertical  liar,  I'-S, 
will  puM  (hniugli  the  upper  (innor)  end  of  llic  fissure  of  Rnliuido,  A,  i,  lUiil  Ibttn^ 
the  posterior  eitremily  ot  the  llwUiinns  opticus  (e),  A  tliirO  * ortlral  line,  B— I.  ilr>n 
■t  SO  mm.  forwurd  of  the  bregma,  utill  pins  through  the  fi>UI  itt  (hv  Itiini  frontal 
gyrus  (n),  md  through  the  head  of  the  nudeua  cnudalus  (i/).  The  horiaont*]  Unr, 
7-8,  at  4a  Tnm.  bi:h>i>  the  bregma  (lealp),  indieAlM  the  upper  liniil  of  Uw  ecatnl 
ganslia.  The  Ihiri]  horizontal  line,  n-6,  gusaing  thrtnigh  the  citcnial  nUftnlkr  |iii9- 
ceM  of  llio  frontal  bono  and  the  cvd  pi  to-parietal  juncUnn,  apprDiiniatcl?  Imttcatai 
tb«  oour»e  of  (he  Hnure  ot  Sylvius,  umI  eerrcs  for  measiircmniU,  At  It*  nr  20  mn. 
behind  the  exiertial  angular  pnjocwi  on  this  line  is  the  spon'h  center  of  Itrooa :  ■  ui 
8  nm.  behind  the  intemvctian  of  3-4  and  0-6  is  the  beginiiitig  of  the  fiumr  of  SjlHas, 
aikd  at  !8  or  30  mm.  behind  this  inlenection  i«  the  lower  cod  of  the  Sanic  of  Ro- 
lando, b,  h,  pUeed  a  little  too  far  back  in  the  cat.  At  x  (near  B),  near  die  mtJiaa 
line,  is  llie  location  of  the  uccipllu-parivtal  liasiire. 

"1.  A  vertical  line  (a)  drawn  from  the  alveolo-eontlylfrfd 
plane,  through  the  external  uutlitory  meatus  upward,  will  pass 
through  or  very  near  to  the  bregma,  or  line  of  junction  of  lhi> 
frontal  and  parietJil  hones  at  tlie  vertex  ;  it  jiasses  thrungh 
(he  anterior  (lower)  extremity  of  the  fiasiin'  of  Rolando. 

"  2.  If.  fn>m  the  npper  end  of  this  vertical  line  a,  we  mea- 
mire  a  di.stance  of  45  mm."  backward  toward  the  occiput  and 

'  '■  M«d1ral  Reconl."  1 87«. 

'  A  inillimetN  i«  aliout  one  twentj-Gfth  of  an  Inch. 
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draw  a  descending  vertical  line  (1-2),  we  mark  out  the  location 
of  two  most  important  parts  of  the  cerebrum,  viz. ,  the  poste- 
rior extremity  of  the  fissure  of  Rolando  [at  ft],  and  the  poste- 
rior limit  of  the  thalamus  opticus  in  the  hemisphere  [at  c], 

"3.  To  conclude  with  the  occipital  end  of  the  skull ;  if  we 
can  make  out  with  the  finger  the  lambdoid  suture  at  the  medi- 
an line,  we  thus  learn  the  situation  of  the  subjacent  occipito-pa- 
rietal  fissure,  which  separates  the  parietal  and  occipital  lobes. 

"4.  The  last  vertical  line  worth  noting  is  one  drawn  at  a 
distance  of  30  mm.  forward  of  the  auriculo-bregmatic  line. 
This  vertical  line  (3-4)  wall  pass  through  the  middle  fold  of 
the  third  frontal  convolution  (just  forward  of  the  speech  cen- 
ter), and  will  also  indicate  the  anterior  limit  of  the  central 
cerebral  ganglia,  viz.,  the  head  of  the  nucleus  caudatus  in  the 
hemisphere  [at  d\. 

*'  5.  The  upper  level  of  the  central  cerebral  ganglia  may  be 
quite  exactly  indicated  by  an  horizontal  line  drawn  at  a  dis- 
tance of  45  mm.  below  the  surface  of  the  scalp,  at  the  bregma, 
(or  35  below  the  surface  of  the  bare  skull  at  the  same  point). 
This  line  (7-8)  also  runs  across  the  middle  regions  of  the  mo- 
tor district  of  the  convolutions,  containing  centers  for  the  face 
and  upper  extremities. 

*'6.  The  external  angular  process  of  the  frontal  bone, 
not  difficult  to  define  in  the  living  subject,  is  the  starting- 
point  of  another  horizontal  line  (5-6),  whose  posterior  ex- 
tremity passes  a  little  below  the  lambdoid  suture.  Upon  this 
horizontal  line  we  can,  by  measurement,  determine  the  loca- 
tion of  certain  parts.  Thus,  at  a  distance  of  18  or  20  mm.  be- 
hind the  external  angular  process,  lies  the  folded  part  of  the 
third  frontal  convolution  (a).  This  point,  in  many  heads,  will 
correspond  to  the  vertical  line  3-4. 

"7.  The  situation  of  the  fissure  of  Sylvius  may  be  approx- 
imately ascertained  in  the  following  manner :  Its  middle  por- 
tion extends  horizontally,  almost  under  the  upper  part  of  the 
squamous  suture,  which  in  the  living  subject  is  to  be  found  a 
little  below  the  horizontal  line  5-6.  The  anterior  extremity  or 
beginning  of  the  fissure  of  Sylvius  is  a  little  below  this  hori- 


zontal  line,  at  a  distance  of  some  5  to  8  mm.  postOTor  to  tlie 
intersection  of  3-4  and  5-6,  and  consequently  about  22  or  2o 
ram.  anterior  to  the  aurionlo-bi-egmatic  line  a.  Lastly,  accord- 
ing to  Turner,  the  parietal  eminence  almost  always  overlies  the 
BUpj-a-marginal  gyrus  (P',  Fig.  23),  consequently  the  posterior 
extremity  of  the  Assure  of  Sylvius  is  likewise  in  tliis  vicrinlty. 

"8.  The  angular  gynis  is  to  be  found  below  and  behind 
the  parietal  eminence,  a  little  above  the  hiiriz<mtal  line  drawn 
from  the  external  angular  process  (5-0). 

"9.  The  anterior  tlowei')  end  of  the  fissure  of  Rolando  \w 
at  a  distance  of  28  or  30  mni.  behind  the  line  3-4,  and  a  Hllle 
above  5-6.  It  is,  therefore,  a  few  millimetres  anterior  to  the 
vertical  line  a."' 

With  this  plate  as  a  gnide,  and  with  a  thorough  knowledge 
of  the  facts  comprised  in  previous  pages  of  this  chapter,  it  is 
not  out  of  the  bounds  of  possibility  to  definitely  ItH-ale  the 
existence  of  lesions  in  certain  portions  of  the  human  btain, 
to  map  out  their  situation  upon  the  exterior  of  the  skull, 
and  to  reach  them  with  surgical  means  of  relief,  provided  the 
case  be  one  which  woidd  justify  such  a  measui-e.  \Vhen 
Bnica  has  been  successful  in  trephining  din-ctly  over  an  al»- 
scess  ot  the  thu-d  frontal  convolution,  which  was  susi)ecte<i. 
and  when  successful  cases  have  I)een  reported  of  trepliiniOK 
of  the  skull  for  fragments  of  the  inner  pliitt  which  were  oi>m- 
pressing  the  ascending  gj'ri  of  the  fnintal  and  juirielal  l«>l>e!^ 
thus  causing  panilysis.  have  we  not  every  reason  to  hojiw  lluit 
the  day  is  coming  when  the  rules  govei-ning  this  operation 
will  be  those  based  uixin  science  nither  thiiu  upon  empiricism, 
and  when  the  surgeon  will  owe  his  suc^cess  to  the  researcbr« 
of  the  jihysiologist  and  the  labors  of  the  pjithologist  < 

There  are  certain  suggestions,  which  may  Ik*  thrown  out  in 
this  connection,  which  are  safe  ones  to  follow  in  cnses  where 
the  propriety  of  sui^cal  relief  Is  called  into  qnestion.  The«i» 
nmy  Ih!  stated  in  the  form  of  propositions,  which  are  of  neces*- 
.sity  based  ujion  the  contents  of  the  previous  lectures. 

1,  If  the  injiirj' sustaint'd,  jinivided  the  case  in  question 
lie  one  of  a  traumatic  origin,  be  situated  over  tlie  motor  area 
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of  the  cortex,  the  presence  of  ancesthesia  in  combination  with 
motor  hemiplegia  is  a  contraindication  to  attempts  at  surgical 
relief.  This  symptom  (ansesthesia)  probably  indicates  some 
injury  to  the  posterior  third  of  the  internal  capsule,  or  to  the 
white  substance  of  the  hemispheres  ;  hence  the  lesion  is  proba- 
bly too  extensive  to  be  relieved  by  trephining. 

2.  If  the  S€7i8ory  region  of  the  cortex  be  involved,  and 
paralysis  or  convulsive  movements  occur,  an  operation  is  con- 
traindicated ;  since  the  lesion  has  either  been  so  extensive 
as  to  extend  to  the  motor  area.,  or  has  torn  or  compressed  the 
cerebrum  at  a  point  removed  from  the  apparent  seat  of  injury. 

3.  The  occurrence  of  paralysis  on  the  same  side  as  that 
upon  which  the  injury  was  received  is  always  a  contraindica- 
tion to  any  surgical  procedure  at  the  seat  of  injury,  since  it 
usually  indicates  some  lesion  of  the  opposite  side,  probably 
dependent  upon  transmitted  force  {contre-coup), 

4.  The  completeness  of  the  paralysis  maybe  often  taken 
as  a  guide  to  the  amount  of  injury  done  to  the  cerebrum  :  if 
the  paralysis  be  very  profound,  the  chance  of  success  from 
trephining  is  extremely  small,  since  the  injury  has  probably 
affected  parts  deeper  than  the  cortex  centers. 

6.  The  appearance  of  paralysis  of  any  of  the  special  nerves 
of  the  cranium^  or  the  development  of  the  symptoms  due  to 
lesions  of  the  base  of  the  brain  or  of  the  basal  ganglia,  such  as 
the  Cheyne-Stokes  respiration,'  choked  disk,  and  vomiting, 
may  be  regarded  as  contraindications  to  surgical  interference. 

6.  When  an  injury  to  the  skuU  is  followed,  after  a  lapse 
of  some  weeks,  by  aphasia^  the  diagnosis  of  abscess  of  the 
base  of  the  third  frontal  convolution,  or  possibly  involving 
the  island  of  Reil  or  the  white  substance  situated  between  the 
third  frontal  convolution  and  the  basis  of  the  cerebrum,  may 
be  safely  made. '  In  such  a  case,  the  operation  of  trephining, 
as  performed  by  Broca,  affords' a  strong  probability  of  relief. 

7.  Cases  of  injury  which  are  followed  immediately  hy 
aphasia  are  strongly  diagnostic  of  either  a  spicula  of  bone  or 

'  A  respiration  whose  rhythm  steadily  increases,  and  then  decreases,  in  a  short  inter- 
Tal  of  time ;  described  in  1818  by  Cheyne,  and  by  Stokes  in  1846. 
*  Authorities  are  not  all  in  accord  with  this  statement. 
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the  pressure  of  a  clot  in  the  neighborhooj  of  the  center  of 
Bi-ooa,  The  former  condition  would  be  strongly  in  support  of 
surgical  interference,  since  it  would  probably  continue  to  cre- 
ate pressure  or  irritation  until  removed,  wliile  the  jiressure  of 
a  clot  might  also  be  relieved  by  trephining. 

8.  If  the  reylon  oner  tkejissureof  Jtolando  be  snbjerted  to 
apparent  injury,  and  the  symptoms  of  some  of  the  special 
ii/pes  {^monoplegia  appear  (afifecting  the  muscles  of  the  face, 
arm,  leg,  or  any  of  these  combined'),  or  even  the  ot'currenci- 
of  a  sli(f?Ufonn  ofjiemiplftjia  follow,  successful  trephininn 
may  be  reasonably  expected.  The  presence  of  anii'sthesia,  as 
before  mentioned,  would,  however,  still  be  a  strong  conlri- 
indication  to  such  a  step,  since  it  would  prove  that  the  lesion 
was  proliably  of  too  deep  a  olmracter  to  be  benefited  by  lh« 
simple  removal  of  a  button  of  bone,  as  the  posterior  third  of 
llie  internal  capsule  woidd  proliably  be  found  to  be  imiminxl. 
It  must  1)6  also  remembered  that  the  mot*ir  paralysis,  (»f  what- 
ever kind  it  may  be,  must  be  confined  to  the  side  of  tlie  l»ody 
opposite  to  the  seat  of  injury,  if  benefit  is  to  be  expected. 
The  type  of  monoplegia  wliich  exists  may  often  be  used  as 
a  gtnde  to  deteiTOine  the  extent  of  the  lesion  us  well  as  Uti 
situation.' 

GENKRAL  SUMMAI'.Y  OF  THE   HRAIN,   AND   ITS  CLINKAL  UEUi.- 
TIONS. 

We  have  now  considered  the  various  parts  of  llie  brain 
somewhat  in  detail,  and  have  noteil  dome  of  the  ]>ointa  of 
clinical  intei-est  which  each  pi-esents.  Miiny  anatomical  terms 
have,  however,  Iwen  employed  at  various  times,  which  may 
lie  a  »<iiin'«  of  emlarrassnient  to  you,  provided  you  iwe  Dot 
perfectly  familiar  with  the  anatomical  constrtietion  of  the 
encephalon.  I  have  deemed  it  advisjible.  therefore,  to  hastily 
review  such  anatj>mical  points  as  seem  im]K)rtant  for  yow  to 
praap  (as  a  pn-iKiration  for  clinical  study'i,  before  I  bring  tliia 

'  ^  pa^c  4B  of  thla  vnlnnx^ 

'  Sw  lbs  motor  iviitrn  «lt>iaicd  in  ilii-  unending  fmnial  inJ  |urit^l  conTnlutkiBB, 
PAKE  i'l  lit  thi*  Tolunip,  anit  Ihu  variuu»  lunua  at  atonoplrpa  ilrtcribwl  lu  th>  i»tij  paS" 
of  lliU  uliapter. 
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subject  to  a  close,  and  pass  to  the  other  portions  of  the  ner- 
vous system. 

The  gray  matter  of  the  exterior  surface  (the  cortex)  of  the 
cerebrum  and  cerebellum  forms  a  true  ganglionic  mass,  which 
is  spread  out  over  a  large  expanse  of  surface,  but  which,  like 
all  ganglionic  masses,  consists  of  nerve  cells,  nerve  libers, 
blood-vessels,  and  the  connective  tissue  of  the  brain — the  neu- 
roglia. The  rapid  growth  of  the  requirements  which  advanc- 
ing age  demands  of  this  gray  matter  of  the  cortex  demands  a 
larger  expanse  of  surface  than  the  interior  of  the  skull  would 
admit  of,  provided  this  gray  matter  was  smoothly  distrib- 
uted ;  hence  the  presence  of  convolutions,  or  "gyri,"  and  the 
depressions  between  them,  the  ''sulci,"  which  are  much 
more  marked  in  the  adult  than  in  the  infant.  It  should  be 
understood  also  that  the  gray  matter  of  the  cortex  is  of 
nearly  the  same  thickness  in  all  portions,  and  that  it  there- 
fore lines  the  sulci,  as  well  as  covers  the  convolutions.  The 
foldings  of  the  gray  cortical  layer  are,  however,  not  of  a 
uniform  character;  hence  a  difference  in  the  depth  of  the 
depressions  between  them.  It  Jias  been  found  necessary  to 
name  some  of  the  more  prominent  fissures  or  '' sulci,"  in  or- 
der to  have  certain  easily  defined  landmarks,  for  the  purpose 
of  more  readily  designating  the  separate  convolutions,  which 
are  apparently  arranged  as  a  confused  mass,  but  which  are 
found  to  be  uniformly  developed  and  constant  in  their  situation. 

The  admirable  monograph  of  Ecker  on  the  topography  of 
the  cerebral  convolutions  and  the  researches  of  Ferrier  *  and 
Dalton  •  enable  us  so  to  group  these  various  gyri  and  fissures 
as  to  assist  us  in  retaining  them  in  our  memories ;  while  such 
a  knowledge  is  indispensable  to  a  complete  understanding 
either  of  the  pages  which  have  preceded  or  of  those  which 
are  to  follow. 

We  may  start,  then,  with  the  statement  that  we  have  to 
know  the  situation  of  four  lobes,  four  lobules,  and  four  prin- 
cii)al  fissures  or  "  sulci."     These  may  be  given  as  follows : 

'  Op.  cit. 

•  "  Tcxt-BoDk  of  Physiology."    H.  C.  Lea,  Philadelphia,  1876. 
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Let  us  now  consider,  in  a  superficial  way,  the  points  of 
value  which  pertain  to  each  of  these  special  localities,  noting 
such  guides  as  may  suggest  themselves  to  aid  memory,  and 
following  Pig.  23  as  we  progress,  in  order  to  make  the  descrip- 
tion more  clear  than  words  alone  could  do. 

THE  PRINCIPAL  FISSURES  OF  THE  CEREBRUM.* 

The  ascending  limb  of  the  fissure  of  Sylvius  (5")  passes  in 
front  of  the  island  of  Reil  and  among  the  frontal  convolutions. 

The  horizontal  limb  of  the  fissure  of  Sylvius  (5')  passes 
backward  behind  the  island  of  Reil,  and  separates  the  tem- 
I)oro-sphenoidal  lobe  from  the  frontal  and  parietal  lobes, 
which  lie  adjoining  it. 

The  fissure  of  Sylvius  has  a  surgical  and  medical  impor- 
tance from  the  fact  that  it  contains  the  middle  cerebml  artery, 
which  is  particularly  liable  to  obstruction  from  the  impaction 
of  an  embolus,  especially  upon  the  left  side  of  the  body  ;  which 
accident  is  liable  to  be  followed  by  aphasia,  since  the  center 
of  si)eech  is  supplied  by  this  artery. 

The^^^i^r^  of  Rolando  {c)  separates  the  frontal  from  the 
parietal  lobe  ;  it  passes  downward  and  forward  from  the  up- 
per part  of  the  cerebrum  till  it  almost  joins  the  horizontal 
limb  of  the  Sylvian  fissure.  It  is  an  important  surgical  region 
(see  page  40). 

The  external  parieto-occipital  fissure  (po)  separates  the 
parietal  and  occipital  lobes,  hence  its  name.  It  is  continued 
upon  the  inner  surface  of  the  cerebrum  as  the  ' '  internal  pari- 
eto-occipital fissure."  It  is  very  variable  in  its  extent,  and  is 
sometimes  scarcely  recognizable. 

THE  LOBES  OF  THE  CEREBRUM.* 

The  FRONTAL  LOBE  (F)  is  contained  in  the  anterior 
fossa   of    the    skull.      It    presents    four    convolutions, '    or 

1  Sec  Figs.  12  and  23. 

•  The  frequent  occurrence  of  an  accessory,  or  fourth  frontal  ronvoliUion  in  the  brains 
of  criminals  is  noted  by  Benedikt  ("Ccntrulbl.  f.  d.  mod.  Wiss./'  Nov.,  1880).     It  was 
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''gyri,"  which  are  specially  named.  These  may  be  thus 
stated : 

The  ascending  frontal  convolution^  or  gyrus  (A),  which  lies 
anterior  to  the  fissure  of  Rolando,  being  separated  from 
the  ascending  parietal  convolution  by  that  fissure. 

The  superior  frontal  convolution^  or  gyrus  (F,),  which  joins 
the  ascending  gyrus,  passing  transversely  across  the  fron- 
tal lobe. 

The  middle  frontal  convolution^  or  gyrus  (F,),  passing  paral- 
lel to  the  superior. 

The  inferior  frontal  convolution^  or  gyrus  (F,),  lying  below 
the  middle,  but  still  running  transversely  across  the  fron- 
tal lobe. 

The  PARIETAL  LOBE  *  (P)  has  also  four  convolutions,  or  gyri, 
called  the  ascending,  the  supra-marginal,  the  parietal  lobule, 
and  the  angular  gyrus. 

Tlie  ascending  parietal  convolution  (B)lies  back  of  the  fissure 
of  Rolando,  being  separated  from  the  ascending  frontal 
convolution  by  means  of  that  fissure. 

The  supra-marginal  convolution  (P,),  the  parietal  lobule  (P,), 
and  the  angular  gyrus  (P/),  being  the  other  three  con- 
volutions of  the  parietal  lobe,  are  situated  behind  the 
ascending  parietal  convolution. 

The  TEMPOBo-spiiEXoiDAL  LOBE  (T)  presents  three  well- 
marked  convolutions,  which  run  in  an  antero-posterior  direc- 
tion.    They  are  named  as  follows : 

The  superior  teviporo-spJienoidal  convolution  (T,),  which  lies 
below  the  horizontal  limb  of  the  Sylvian  fissure,  and 
which  is  continuous  behind  with  the  parietal  lobe. 

found  to  exist,  more  or  Icj**  completely  developed,  in  the  majority  of  brains  of  tlii»  dM» 
in  his  possession.  It  oriprinated  usually  by  a  bifurcation  of  the  middle  frontal  coiitoIih 
tim,  occasionally  by  a  bifurcation  of  the  superior  frontal  convolution.  Other  points  of 
interest  are  presented,  including  the  occurrence  of  a  ffth  convolution.  Those  facts  the 
author  rcpanls  a.**  the  expression  of  a  fjreat  pathological  law,  that  atypical  structure  is  the 
chief  ajrcnt  in  the  production  of  atypical  (morbid)  performance  of  function. 

'  The  letters  in  parentheses  refer  to  Fip.  2:j,  although  Fig.  12  will  perhaps  girc  a  bet. 
ter  conception  of  the  convolutions  to  the  reader. 
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Tlie  middle  temporO'SpJieTioidal  convolution  (T,),  which  be- 
comes contimions  iivith  the  angular  gyrus,  and  is  con- 
nected to  the  middle  occipital  convolution. 

The  ivferior  temporo-spheTioidal  convolution  (T,),  seen  on  the 
under  surface  of  the  cerebrum,  and  connected  with  the 
third  occipital  convolution.  • 

The  OCCIPITAL  LOBE  (O)  presents  three  badly  defined  con- 
volutions, which  are  superimposed  upon  each  other,  and 
which  lie  in  a  more  or  less  antero-posterior  direction. 

The  superior  occipital  convolution  (O,)  is  connected  with  the 

parietal  lobule. 
The  middle  occipital  convolution  (0,)  is  connected  with  the 

angular  gyrus,  and  also  with  the  middle  temporo-sphe- 

noidal  convolution. 
The  inferior  occipital  convolution  (0,)  is  connected  with  the 

inferior  temporo-sphenoidal  convolution. 


Fio.  24. — A  diagram  of  the  cerebrum  in  longitudinal  median  section.     (After  Dalton.) 

1,  calloso-mai^nal  fissure;  2,  parietooccipital  fissure  ;  3,  calcarine  fissure:  A,  third  ven- 
tricle ;  B,  fifth  ventricle  ;  D.  anterior  crura  of  fornix ;  C,  cuneus  (occipital  lobule) ; 
Q,  pr9»:uneus  (lobulus  quaaratus) ;  P,  para-ccntral  lobe ;  C  C,  corpus  eallosum ;  F, 
gfnu  ionneaXuB. 

THE  LOBULES  OF  THE  CEREBRUM. » 

The  lobulus  centralis^  or  the  island  of  Reil,  is  deeply  sit- 
uated at  the  bottom  of  the  fissure  of  Sylvius,  between  the 

1  See  Figs.  28  and  24. 
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frontal  and  the  temporo-sphenoidal  kibes.  It  presents  five  tir 
six  convolutions,  whirh  are  nearly  straight,  and  which  are 
directed  ontward  and  upward.  This  portion  of  the  cerebrnm 
is  probably  connected  with  the  faculty  of  speech.  It  is  sa\>- 
plied  with  blood  by  the  middle  cerebral  artery.  It  can  not 
lie  well  show-n  io  a  plate,  ou  account  of  its  situation. 

The  para-ctntral  lobule  (P)  is  found  on  the  internal  sur- 
face of  the  cerebrum,  in  front  of  the  lobulus  cuneus.  Ufa 
of  great  importance,  from  a  clinical  point  of  view,  since  we 
know  that  disease  of  this  convolution  is  followed  by  second- 
ary degeneration  of  the  motor  tract  of  the  brain  and  spliuil 
cord. 

Tile  lobulns  quadraius  (Q)  is  also  situated  npon  the  inner 
surface  of  the  cerebrum,  between  the  para-central  lobnle  ami 
the  lobulns  cuneus. 

The  occipital  lobule  (C)  is  triangular  in  foim,  and  lies  \>os- 
terior  to  the  lobulus  quadratiis  njmn  the  inner  surface  of  the 
cerebrum. 

Certain  fissures  upon  the  inner  surface  of  the  tierebmm 
are  also  |)erceived,  whose  names  may  be  met  with  by  you  in 
the  descriptions  of  existing  lesi(»ns,  in  sjiecial  works  upon 
nervous  diseases,  and  which  are  therefore  enumerated.  They 
are  named  as  follows : 

Tlie  calloso-marginal  fissure. 

The  internal  parieto-occijiital  fissure. 

The  calcarine  fissure. 


CI.ISICAL  SfBDIVISIOXS  OF  TIIK   HB.\IS. 

In  studying  the  brain  from  the  standpoint  of  its  physiol- 
ogy and  clinical  interest,  an  advantage  Is  gained  by  a  dcjurt- 
ure  from  the  subdivisions  of  the  cnccphalon  found  in  m<»t 
of  our  srandai-d  anatomical  treatises;  since  many  points. 
whii'h  could  not  be  oniiHeil  in  a  descriptive  treatise  without 
the  author  incurring  censure,  are  of  no  importance  to  the 
phy.siologist  or  pathologist,  in  our  present  ignorance  as  to  the  ' 
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functions  of  many  parts,  or  the  results  of  disease  when  con- 
fined exclusively  to  them.  I  am  inclined,  therefore,  to  adopt 
the  classification  of  Professor  Seguin,  used  some  years  ago 
in  a  course  of  lectures  delivered  upon  this  subject,*  since  it 
seems  to  i)ossess  perspicuity  and  many  advantages  from  a 
clinical  standpoint.  I  quote  from  the  above  author  as  fol- 
lows : " 

^'Por  our  purpose  I  make  the  following  subdivisions  of 
the  encephalon — a  semi-physiological  classification : ' 

"1.  The  basis  cerebri^  including  all  the  parts  which  lie 
upon  the  base  of  the  skull,  but  more  especially  the  pons  Va- 
rolii, crura  cerebri,  their  attached  nerves,  and  the  optic  and 
olfactory  apparatuses. 

**2.  The  great  basal  ganglia^  i.  e.^  the  thalamus  opticus, 
nucleus  caudatus,  nucleus  lenticularis,  and  the  corpus  quadri- 
geminum. 

'*3.  The  white  substance  of  the  hemispheres,  especially 
the  internal  capsule. 

"4.  The  cortex  cerebri, 

^'5.  The  cerebellum, 

''The  general  pathological  propositions  relative  to  these 
parts  are  as  follows : 

*'l.  Lesions  of  the  basis  cerebri^  especially  if  involving 
the  pons  Varolii  and  crura,  give  rise  to  the  following  symp- 
toms :  paralysis  (often  of  crossed  variety) ;  anaesthesia  in  the 
face  and  limbs ;  impairment  of  equilibrium ;  changes  within 
the  eyes ;  no  psychical  symptoms. 

^'2.  Lesions  of  the  great  basal  ganglia  probably  produce 
no  symptoms  unless  by  encroaching  upon  the  internal  capsule 
which  passes  near  them.  An  exception  may  be  the  nucleus 
caudatus. 

''3.  Lesions  of  the  white  center  of  the  hemispheres  pro- 
duce no  symptoms  when  they  do  not  involve  the  parts  com- 
I)osing  the  internal  capsule ;  if  the  anterior  portion  of  this 

»  "N.Y.Med.  Record,"  1878. 

•  Ibid.,  February,  1878. 

*  The  iialia  are  my  owd. 


(lapsule  be  injured,  we  observe  paralysis,  if  its  postcfior  put, 
ansesthesia. 

"4.  Lesions  of  the  cortex  cerebri  produce,  when  Incatwl 
anteriorly,  psychical  symptoms  ;  when  located  in  the  tnedian 
i-egions,  paralysis  of  an  imperfect  kind,  and  when  situatwl 
posteriorly,  no  symptoms  at  all  (sensory  symptoms  in  animals). 

".').  Lesions  of  the  cerebellum  produce  no  symptoms  ex- 
cept liy  involving  adjacent  parts  containing  important  molur 
and  sensory  tracts,  thus  giving  ilse  to  irregnlar  paralyses, 
changes  in  the  optic  apparatus,  symptoms  of  irritation  of  the 
vagus  nerve,  etc. 

*■  6.  Lesions  in  one  lateral  half  of  any  part  of  the  enceph- 
alon  produce  motor  and  sensory  symptoms  in  the  side  of  the 
body  opiKJsite  to  the  lesion.  When  the  lesion  is  in  one  half 
of  the  basis  cerebri,  some  symptoms  (dii-ect  syniptonhs)  are 
found  in  the  side  of  the  face  and  head  corresponding  to 
the  lesion,  others  in  the  opposite  half  of  the  body  (crossed 
paralysis). 

"7.  Lesions  in  the  median,  line  cause  symptoms  to  appear 
in  both  sides  of  the  body. 

"  8.  Any  intra-cranial  lesion  which  acts  in  such  a  way  as  to 
inxrrease  the  infra-eramal  pressure  may  produce  (in  addition 
to  other  symjitoms)  the  condition  known  as  choked  disk,  nr 
neuro-retinitis." 


SUMMAHY  OF  THE  PnYSlOLOIiY  OF  TIIF.  CORTEX  ASD  THE 
EFFECT.S  OF  UrsEASE  LUUATEU  IN  THAT  PORTION  t»K  THE 
CEREBRUM. 

From  the  statements  mnde  in  previous  iwiges,  we  may 
Kiinimarize  the  functions  of  the  cortex  (the  gnvy  matter  of 
the  cei-ebral  ctmvolntions).  as  well  aa  the  symptoms  whirh 
can  be  attributed  to  disease  confined  to  that  r^on,  as  fol- 
lows : 

1.  Tliat,  contrary  to  old  statements,  the  cortex  is  irBjiftble 
of  artificial  stimulation ;  and  that  the  functions  of  certain 
areas  can  thus  l»e  determined  «ith  an  approach  to  accuracy. 
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2.  That  a  well-defined   relation  exists  between  the'  cor- 
tex and  certain  muscular    groups.      This    has  lately  been 


F:o.  26. — Sd- viae  of  the  hrain  of  man  atu{  the  arem  of  the  ctrebrd  tanvolal'ioiu.     (After 
Feniep.) 

I  (on  tbe  postero-psrietal  [superior  parietal]  lobule),  adrance  of  the  opposite  hiod'timb 
as  ID  walking ;  S,  S,  4  (around  the  upper  citremilr  of  the  flasure  a(  Rolando),  eom- 
plei  marcments  ot  the  oppo»ile  IcR  and  arm,  and  of  the  trunk,  at  id  swimming ; 
a,b,e,d{oii  the  poatero-parietal  [poateriur  central]  coovolutionj,  individual  and 
combined  morementa  of  the  fingorfl  and  wrist  of  the  opposite  hand  ;  prehensile  moTO- 
menta  ;  B  (at  the  posterior  extremity  of  the  superior  frontal  convolution),  eztensioD 
forward  of  the  oppo^le  arm  and  liand  ;  S  {□□  the  upper  part  ot  the  antcro-parictal 
or  ascending  frontal  [anterior  central]  convolution),  supination  and  fleiion  of  the 
opposite  forearm  ;  1  (on  the  median  portion  of  the  same  convolution),  retraction  and 
elcTalion  of  the  opposite  angle  of  the  mouth  by  mcauEi  of  the  zygomatic  muscles  ;  8 
(lower  down  on  the  same  convolution),  elevation  of  the  nla  nasi  and  upper  lip  with 
depreision  of  (he  lower  lip,  on  the  opposite  ^de ;  9,  10  (at  the  inferior  eitrcmity  of 
the  same  convolution,  Broca's  convolution),  openinj^  of  the  month  with  0,  prolnielon, 
and  10,  retraction  of  the  toti^e — region  of  aphasia,  bilateral  action;  11  (between 
10  and  the  inferior  eitremity  ot  the  poetero-parietal  convolution),  retraction  of  the 
opposite  angle  of  the  mouth,  the  head  turned  slighllj'  to  one  side ;  IS  (on  the  poste- 
rior portions  of  the  superior  and  middle  frontal  convolutions),  the  eyes  open  widely, 
the  pupihi dilate,  and  the  head  and  eyes  turn  toward  the  oppo»<ite  side;  IS,  IS  (on 
the  supra-marginal  lobule  and  an;^ilarpyruB).  the  eyes  move  toward  the  opposite  side 
with  an  upward  13,  or  downward  13'  deviation  ;  the  pupils  Rcnerally  contrnt-ted  (cen- 
ter ot  vision) ;  H  (of  the  infra-marginal,  op  superior  [first]  tempopo-sphcnoidal  eon- 
volution),  pricklnj;  of  the  opposite  ear,  the  head  and  eyes  turn  to  the  oppo^'ite  side, 
and  the  pupils  dilate  largely  (center  of  hearing).  Fcrricp,  moreovep,  places  the  uen- 
teps  of  taste  and  smell  at  the  extremity  of  the  icmporo-sphenoidal  lobe,  and  that  of 
touch  in  the  gyrus  uneinatns  and  hIppocMLpus  majop. 
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confirmed  on  the  human  siiliject  by   Dr.  Amidon,  of  tB 
city.' 

' "  Dr.  Auiidon'a  cipciimcnt^ '  in  esrcii-al  lonaliialion  aio  basei  on  iho  falloviai; 
prujHwjcioaB :  1.  UatkuU  local  Tftriatloni  in  tlio  leiiiperature  of  ihe  criflmlic  odnlcnu 
can  bc^  dcmonali-atcil  l>j  tur/iKt  l/iermiHiielirt.  2.  L'er^ral  cortical  Iwalization  u  tm*  » 
far  adtntiwd  a«  to  warrant  the  sssei-tlon  thai  the  paycbo-motar  cauEeii  for  one  lialf  tbr 
Lody  occupy  a  cctUiIh  area  in  the  cerebral  cortex  of  the  oppo«iie  iiciiijsphei«.  3.  Fdbc 
lionol  activity  of  an  organ  implies  increased  blood  xiqtply  and  tissue  fban^,  and  coa«- 
C|Uenl  iJevaliuti  o/  Iht  liiaperaturt  of  Ih>t  oi^ul  4.  Willed  cantraollon  of  nrarclo  prc- 
euppoaes  ut  incroaxcd  activity  of  the  roHtiona!  motor  ecnter  of  those  miucles  in  tie 
cerebral  cortex.  From  tliis  it  was  nalural  lo  make  Ihe  dedaction  ihal  Totantary  kmIt1:_i 
in  «  peripheral  part  would  cauac  a  ritt  uf  lemprralurt  in  Ihe  pugdio-tnotor  tenttr  tor  diat 
part,  which  mightbe  indicated  bf  external  cerebral  iliemramcters. 

"  Scguin's  aell-rcgiatering  surface  thcTmomelera  wei«  uBcd,  nnmbcrB  of  which  wen 
applied  to  the  surface  lo  be  tested  by  paaaing  them  through  boles  in  rubber  ntnipi 
secured  to  tho  head  by  buckles.  The  <lesirable  points  in  the  iubjeel  ciprtiiiKnteil  oe 
arc,  a  well-shaped  bead,  thin  hair,  well-dcrelopcd  and  trntned  musclcn,  power  of  Itiiil 
eipreuion,  especially  of  UDllalerol  facial  uiovementii  and  Ibe  ability  to  ooDtmel  indiiidnal 
muscles,  and  moderate  intelligence.  A  man  is  preferable  to  a  woman,  and  a  Eurapean 
lo  on  African.  The  mode  of  performing  and  recording  eipriimenta  and  the  lisbiliiio  to 
error  are  all  (ully  deseribed,  and  the  following  rcsulls  arc  given. 

"The  part  of  the  brain  underlying  the  traiwdus  area  it  thus  uttn  lo  be  Ihc  anlvrlor 
part  of  the  first  frontal  convolution.  Farther  back  on  the  same  oorocs  ifac  delUad,  aad 
farther  still  the  biceps  area,  while  tlut  at  the  Iriceps  probably  overlaps  lo  a  sti^bl  dr^rrv 
■he  GMUre  of  Rolando.  The  area  for  the  H'alcnl,  etc.,  will  fall  on  the  secoDd  frunial 
couvoluijon,  in  front  dt  il«  middle;  that  tor  the  dwp  ettcntors  of  the  nrck,  on  tlv 
■eoond  frantal  convotulioii,  near  ilt  middle.  The  pectornllA  area  will  tall  on  the  nuddlc 
of  the  second  fionlal  convolution,  sUghtly  overlapping  the  superior  fmncal  snlcosi  Th« 
area  for  the  Utissimus  dorsi  occupies  *  similar  position  farther  back.  The  polnl  of 
Junction  of  ihc  superior  and  DsorodlnB  frontal  Is  ooeupied  by  the  hnnd  and  enpr  flesotw, 
uhile  Inwer  on  the  ascending  frontal  licti  Ihe  aren  for  Ihe  elevalon  of  the  an^le  of  lb* 
mouih,  and  lower  still,  that  for  the  orbicularis  oris,  in  front  of  and  above  whidi  i*  the 
area  for  the  tongue  and  Ibe  hyoldi,  which  Ilea  on  tho  third  frontal  convolalioB.  At  tW 
base  of  the  aaeending  parietal  oonvoluilon,  but  reaching  a  slight  distance  aorua  th« 
fissure  of  ItoUndo,  lies  the  plalysina  area;  higlier,  the  area  for  the  orblcnluia  fift. 
brarum,  and  higher  still,  lying  portly  on  the  aseeiKllDg  paiietal  and  partly  on  the  laemil. 
Inj  frontal  convolutions,  is  the  area  for  tlie  extensors  of  the  hand  and  Bog*™.  The  uiti. 
rior  part  of  the  superior  parietal  lobule  holds  the  anterior  tl  Wal  area,  behind  which  Us*  thu 
of  Iheotlf  of  the  leg.  On  (he  posterior  part  of  the  superior  Barietnl  lobule,  but  tollaii 
ehicHy  on  the  first  and  second  occipiul  gyri,  is  found  the  arcs  for  ihe  quadriM'p*  eitniMir 
femori*.  whIU  on  the  third  occipital  gynis  and  the  posterior  part  of  Ihe  inferior  miriillr 
temporal  lobule  will  fall  the  area  for  the  abdominal  mnsole^.  On  the  po«letb>r  parts  of 
the  angular  g^nis  and  middle  Icmponil  lobule  will  tall  the  psoas  and  iliaru*  arro.  Ttw 
ratlicr  Indefinite  area  marked  out  for  the  erector  spimv  overlie"  aljout  ngaatly  the  poo. 
icrior  pari  of  tho  upper  and  of  the  midillc  temporal  lobules,  while  hlghpr  up,  an>  Iha 
contiguous  portion*  of  the  angular  and  snpra-marginal  pyri  and  Ihe  suptrlor  Innpocnl 
lobule,  Is  the  area  tor  the  fleiors  of  the  leg  on  Ihe  thi^h.  On  the  upper  pari  of  tb* 
supnwnsi-ginal  gyni*  will  fall  the  area  set  apart  for  ocular  nKivcmenu.  Tlihi  tranateT- 
cnon  of  the  motor  areas  from  ihe  senlp  to  the  brain  leaves  but  lltllg  of  the  tnrbnl  odb- 
realty  uneovFred,  vie.,  the  anterior  half  of  ibe  tem|ion>-<iph«nnidal  lobe  and  the  ailrMM 

>  rrioa  Essay  of  I«BO,  "  Archives  of  UedkOne,"  April,  IMa 
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3.  That  the  excitable  region  of  the  cortex,  where  motor 
eflfects  are  chiefly  produced,  may  be  stated  to  be  localized  in 
the  following  parts,  if  we  accept  the  results  obtained  by  Fer- 
rier :  The  ascending  frontal  convolution  ;  the  base  of  the  first 
frontal  convolution ;  the  second  frontal  convolution ;  the 
third  frontal  convolution ;  the  ascending  parietal  convolu- 
tion ;  the  first  parietal  convolution  ;  and  the  para-central  lob- 
ule. Now,  let  us  see  what  centers  pertain  to  each  of  these 
convolutions. 

The  center  for  movements  of  the  lips  and  tongue  (the  true 
speech  center)  lies  at  the  base  of  the  third  frontal  convo- 
lution, near  the  fissure  of  Sylvius.     (See  9,  10,  on  Fig.  25.) 

Upon  the^r^^  and  second  frontal  convolutions,  you  will  find 
a  center  (see  12,  on  Fig.  25) :  (1)  For  lateral  movements 
of  the  head;  (2)  for  elevation  of  the  eyelids ;  and  (3) 
for  dilatation  of  the  pupil. 

The  ascending  frontal  convolution  presents,  from  below  up- 
ward, the  following  centers:  For  elevation  and  depres- 
sion of  the  comers  of  the  mouth  (8  and  7) ;  for  move- 
ments of  the  forearm  and  the  hand  (6) ;  for  extension 
and  the  forward  movement  of  the  hand  and  the  arm  (5) ; 
centers  for  complex  movements  of  the  arms  and  legs^ 
when  acting  together  (2,  3,  and  4). 

The  ascending  parietal  convolution  presents,  from  above 
downward,  four  centers  for  complex  movements  of  the 
hand  and  wrist  (a,  J,  c,  d ),  such  as  the  use  of  individual 
fingers,  prehensile  movements,  etc.  At  its  most  superior 
I)ortion,  the  centers  (2,  3,  and  4),  which  control  the  alter- 
nating movements  of  the  arm  and  leg,  as  in  the  act  of 
swimming,  seem  to  overlap  the  ascending  parietal  convo- 
lution ;  but  they  are  not  definitely  placed. 

The  superior  parietal  convolution  presents  the  center  which 
presides  over  the  movements  of  the  leg  and  foot  ^  as  in  the 
act  of  walking. 

mnt«rior  frontal  region.    These  areas  are  held  to  be  the  outward  representation  of  psycho- 
motor centers  in  the  cerebral  cortex."  (Report  in  "  New  York  Med.  Jour.,"  October,  1880.) 
8 
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The  para-centTol  lobitle,  when  diseased  or  excised,  t 

exert,  through  some  influences,  a  gradually  extending 
process  of  secondary  dffjeneratioii  of  the  spinal  rord. 

4.  The  sensory  region  of  the  cortex  is  confined  to  the  jiarie- 
tal,  temporal,  and  occipital  lobes  of  the  cerebrum,  lu  it  cer- 
tain centers  have  been  definitely  located  by  Ferrier,  which  are 
not,  as  yet,  accepted  as  fully  proven,  but  which  are  consid- 
ered as  being  rather  supported  than  confuted  by  cliaical  and 
physiological  evidence. 

The  angular  gyms  is  said  l>y  this  author  to  present  the  em- 
ters  for  vision  (13,  13),  while  movements  of  the  eyes  also 
are  produced  when  these  regions  are  stimulated.' 

The  superior  temporo-sphernoid^d  convolution  is  also  said  to 
present  the  centers  of  hearing  (14,  14,  14),  while  the  head 
and  eyes  are  caused  to  move  towanl  the  opposite  side  and 
the  pupils  to  dilate  largely. 

5.  The  collection  of  reported  cases  of  tumors,  ctots.  soft- 
enings, pressure  effects  (from  exostoses,  meningeal  exuda- 
tions, or  thickenings,  etc.)p  seems  to  confirm,  to  a  greater  or 
less  extent,  the  effects  of  physiological  exi>eriinent  or  faradi- 
itatioQ,  and  that  the  following  general  statements  as  to  the 
results  of  lesions  of  the  cortex  can  l>e  sjifely  used  as  possess- 
ing practical  vahie  at  the  bedside. 

(«)  'When  the  faculty  of  speech  is  affected  to  any  extent,  or 
the  symptoms  of  amnesic  aphasia  exist,  it  is  safe  lo  con- 
clude that  the  lesion  involves  one  of  three  situations,  viz. : 
the  anterior  convohilions  of  the  island  of  Reil,  the  hose 
of  the  third  frontal  convolution,  or  the  while  suKitanre 
lying  Ijetween  the  tliinl  frontal  convolution  and  the  base 
of  the  cerebrum.'  The  lesion,  lieing  moat  frwpu-ntly  mei 
with  upon  the  left  side  of  the  brain,  will  usually  be  aaso- 

'  Eip«rimi-iiU  of  Vcrner,  Yea.  Daltoo,  and  olbofA 
•  B.  C.  Seguin,  *■  MeJ.  Recortl,"  1878. 
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a.  !6. — Upprr  vine  of  the  brain  of  man  and  the  tiiuation  of  areas  of  Ihe  eertbiid  eon- 
m^uiiom.     (After  Ferrer.) 

(on  the  poEtero-parieta]  [Buperior  parieUl]  lobule),  advance  ot  the  opposite  hind- 
limb  as  in  •ratkiDg ;  2,  i(,  4  (around  tlie  upper  extramitj  of  ttic  fissure  of  Rolando), 
compier  movementa  ot  the  op[)09ite  Ic^  and  arm,  and  of  the  trunk,  as  in  sirim- 
mingi  a,  b,  e,  d  (on  the  poalero-pariotal  [poBterior  central]  convolution),  indi- 
vidual and  combtQcd  movemunts  of  (he  fingers  and  wrist  of  the  opposite  hand ;  pre- 
hensile movementB ;  S  (at  the  posterior  eitrcmity  of  the  eupcrior  frontal  convolu- 
tion), eitensioD  forward  of  the  opposite  arm  and  hand ;  6  (on  the  upper  part  of 
(he  antero-parictal  or  ascending  frontal  [anterior  central]  conroluUon),  supination 
and  fleilon  of  the  opposite  foi'earm ;  T  (on  the  median  portion  of  the  same  con- 
volution), retraction  and  elevation  of  the  opposite  angle  of  the  mouth  b;  means  of 
the  ijgomatic  muscles ;  8  (lower  down  on  the  gome  convolution),  elevation  of 
the  ala  nasi  and  upper  lip  with  depression  of  the  lower  lip,  on  the  opposite  eide ;  9, 
10  (at  the  inferior  ertrcmity  of  Ihe  same  convolution,  Broca'e  convolution),  open- 
ing of  tiie  mouth  with  9,  protrusion,  and  10,  retraction  of  the  tongue — region  of 
apnoua,  bilateral  action;  11  (between  10  and  the  inferior  eilremitj  of  the  pos- 
tero-parietal  convolution),  retraction  of  the  opposite  angle  of  the  mouth,  the  head 
turned  sMj^tly  to  one  side  ;  13  (on  the  posterior  portions  of  the  superior  and  mid- 
dle frontiti  convolutions),  the  ejes  open  widely,  the  pupils  dilate,  and  the  head  and 
eyes  tarn  toward  the  opposite  side ;  13,  13  (on  (he  supra-marginal  lobule  and  an- 
gular Rjms),  the  eyes  move  toward  the  opposite  side  with  an  upward  13,  or  down- 
ward 18'  deviation — the  pupils  generally  contracted  (cenler  of  vision) ;  14  (of 
(he  infra-marginal,  or  superior  [first]  temporo-sphenoidal  convolution),  prickin;;  of 
the  opposite  ear,  the  head  and  eyes  turn  to  the  opposite  aide,  and  the  pupils  dilate 
laq^ely  (center  of  hearing).  I'erricr,  moreover,  places  the  centers  of  taste  and  smelt 
at  the  extremity  of  the  temporo-sphenoidal  lobe,  and  that  of  touch  In  the  gynu  un- 
cinktiu  ftud  hippocampus  major. 


ciated  with  some  form  of  paralysis  affecting  the  riffhi 
side  of  the  body ;  but  the  faculty  of  si)eech  may  lie  af- 
fected by  lesions  of  the  right  side  a-s  well  as  those  of  the 
left  side. 

{//)  Paralysis  of  motion  affecting  the  vpper  extremity,  either 
entirely  or  to  a  greater  extent  than  other  parts  involved," 
suggests  a  lesion  which  is  situated  on  the  side  opiK)site  to 
the  paralysis;  and  either  confined  to,  or  involving,  the 
ascending  convolutions  of  the  frontal  or  parietal  lobes, 

(<■)  lATien  the  facial  muscles  are  prominently  aifected,  I  am 
inclined  to  think  the  lesion  may  be  located  in  the  frontal 
lobe,  anterior  to  or  in  the  Woinity  of  the  pre-ccntral  fit- 
s-itre  or  sulcus.* 

{(l)  When  themuficles  of  the  leg' me  exclusively  affected  {and 
the  probability  of  spinal  lesions  inv(jlving  only  the  lateral 
half  of  the  spinal  cord  can  be  excluded),  or  when  the  leg 
muscles,  in  an  attack  of  hemiplegia  of  clear  cranial  ori- 
gin, show  special  im{>ai)Tnent,  the  lesion  can  be  probably 
placed  at  the  upper  end  of  tke  Jisaure  of  Jtolando,  affect- 
ing the  ascending  convolutions  of  the  frontal  or  parietal 
lobes. 

(c)  That  lesions  of  tlie  sensory  area  of  the  cerebral  cortex  are 
not  understood  in  their  clinical  aspects,  since  little  op- 
portunity has  been  afforded  for  the  pathological  study  of 
this  type  of  cases. 

(/)  Tliat  all  of  the  symptoms  produced  by  lesions  of  the  cor- 
tex may  be  the  result  either  of  actual  destruction  of  the 
nerve  tissue  of  the  cortex,  or  evidences  ttf  irritation  of 
the  cortex;  and  that  the  sj-mptoms  will  differ  in  the 
two  cases,  so  as  to  often  nssist  the  diagnostician. 

(g)  That  lesions  of  the  cortex,  if  outside  of  the  motor  area, 
will  produce  nn  symptoms,  unless  they  involve  the  dura 
mater ;  in  which  case,   the  diseased  cundiHon  may  Ik' 


Oru/ptr^n^ 


'  8w  the  peculiar  tjpcB  of  h 
till*  falaiM. 

'  It  miLj  not  be  mnfinEi]  alonn  to  tliii  region, 
monoplraia  ani  otlfo  BMMJalnl  "tth  (idiJ  paralffii. 

■  lim  tbir  in«*  o(  rruni  mimnplrgia,  il<^»cribcd  on  r*?^  ^^  "A  42  of  U 


,  since  tbc  varioni  lorma  of  bncUal 
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manifested  by  convvZsions^  and,  possibly,  by  headache. 
These  convulsions,  and  the  headache  which  may  be  pro- 
duced, are  respective  evidences  of  irritation  of  some  por- 
tion of  the  motor  area  of  the  cortex,  or  of  adjoining  sen- 
sory areas. 

(/)  That  the  symptoms  which  prominently  indicate  irritation 
ofihe  cortex  are  convulsions^  which  are  ott^n  followed  hy 
paralysis.  This  paralysis  may  be  either  of  the  transient 
or  permanent  variety,  although  the  former  is  the  more 
common.  The  groups  of  muscles  which  are  prominently 
affected  in  the  convulsive  attacks  may  afford  the  physi- 
cian a  guide  to  the  seat  of  the  irritation,  since  the  same 
centers  are  probably  affected,  as  if  the  corresponding 
muscles  were  paralyzed,  rather  than  convulsed. 

{J)  The  destructive  lesions  of  the  gray  matter  of  the  cerebral 
convolutions,  if  limited  to  the  motor  area,  produce  i)e- 
ripheral  paralysis  of  the  parts  governed  by  the  centers 
which  are  involved,  but  on  the  side  of  the  body  opposite 
to  the  situation  of  the  seat  of  disease.  Thus  embolism, 
by  plugging  the  middle  cerebral  artery,  shuts  off  the 
blood  supply  to  the  center  of  Broca,  and  aphasia  will 
usually  be  produced  ;  with  an  accompanying  hemiplegia 
of  the  side  opposite  to  the  embolus,  in  case  the  blood 
supply  is  impaired  to  other  parts  of  the  motor  area.  A 
destructive  lesion  of  the  motor  region,  if  not  due  to  em- 
bolism, is  liable  to  produce  hemiplegia,  without  aphasia,- 
on  the  opposite  side  to  the  seat  of  disease ;  but  it  exists 
to  a  greater  or  less  extent  when  the  motor  area  of  the 
cortex  is  affected  in  any  part. 

(i)  When  the  paralyzed  muscles  become  rigid^  after  an  at- 
tack of  hemiplegia,  from  destructive  lesions  of  the  motor 
area  of  the  cortex,  it  may  be  considered  as  an  evidence  of 
a  secondary  degeneration  of  the  nerve  fibers,  which  is 
progressing  downward  along  the  spinal  cord.  This  is 
prominently  developed  when  the  para-central  lobule  is 
the  seat  of  disease,  but  it  exists,  to  a  greater  or  less  extent, 
when  the  motor  area  of  the  cortex  is  affected  in  any  part. 
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{I)  In  those  cases  where  the  lesions  are  diffused  oeer  a  large 
surface  of  the  cortex  (as  in  tlie  exudation  of  acute  menin- 
gitis, suppuration  between  the  bone  and  the  dura  mater, 
etc.),  delirium,  convulsions,  and  iMolpain,  are  ofttn  jires- 
ent,  and  may  properly  lie  regarded  as  evidenoes  of  the 
excessive  inltation  whicli  exists  in  consequence  of  the 
pressure  and  hypersemia.  Coma  and  paralysis  may  fol- 
low ;  in  which  case  they  are  to  be  attributed,  either  to  the 
local  aniemia  produced  by  the  pre.ssure  (thus  causing  im- 
jKiinnent  of  nutrition  to  the  subjacent  cortex),  or  to  circu- 
latory changes  and  increjised  tension  of  the  entire  brain. 

{iri)  The  affection  called  "diffuse  nieningo-encephalitis"  or 
the  "general  paralysis  of  the  insane''  ia  ho  commonly 
met  with,  and  aff<)rds  such  striking  evidences  of  the  effects 
of  general  pressure  vpon  and  irritadon  of  the  cerebral 
cortex,  that  its  symptoms  have  to  the  neurologist  more 
than  a  clinical  interest.  From  a  carefnl  study  of  such 
cases,  we  learn  that  the  symptoms  first  manifestt'd  are 
contractions  of  special  fibers  in  the  muscles  of  the  face, 
tongue,  and  limbs,  and  tltat  the  sjieech  becomes  tremu- 
lous and  the  articulation  sjiasmodic.  Ljiter  on,  acutw 
delirium  and  impainnent  of  memory  and  judgment  ap- 
pear, and  a  state  of  the  muscles  of  the  limbs  develops 
which  may  be  one  either  of  semi-paralysis  or  of  semi- 
ataxia.  In  the  ttnal  stages,  the  mental  factdties  lwcom«* 
ftbolishe<l ;  a  state  of  insanity,  chanicterized  by  pi-rioiis  of 
delirium,  is  produced  ;  and  the  patient  dies  without  any 
apparent  changes  in  the  ordinary  organic  functions  of 
the  body. 

I  would  repeat,  that  a  person  exhibiting  tremors  of 
the  facial  muscle-s,  of  the  tongue,  and  hand,  a  vibratory 
and  slurred  8|jeech,  angular  or  ti-emulous  handwriting, 
and  irregular,  snudl  jmpils,  shoidd  be  susiiect^-d  of  having 
chronic  peri-enci-pluilitis  or  paralytic  dementia.  The  ad- 
dition of  gradual  failuiv  of  nund — true  dementia — makm 
the  diagnosis  certain.  In  case  there  should  be  added  to 
these  above  named  symptoms  exalted  notions,  with  ma- 


GENERAL  SUMMARY.  91 

niacal  attacks  and  epileptiform  seizures,  the  case  desen^es 
the  name  of  general  paresis,  and  as  such  the  form  is  more 
usually  seen  and  studied  by  asylum  physicians. 

6.  The  physiology  of  the  great  ganglia  of  the  cerebrum  is 
far  from  being  satisfactorily  determined,  since  the  experi- 
ments of  different  observers  apparently  prove  most  glaring 
contradictions.  It  is,  however,  probable  that  the  two  subdi- 
visions of  the  corpus  striatum  (the  caudate  and  the  lenticu- 
lar nuclei)  have  motor  functions  of  a  character  which  are  not 
yet  XK)sitively  decided,  while  the  attributes  of  the  optic  thala- 
mus are  still  involved  in  obscurity.  * 

7.  It  can  safely  be  considered  as  proven  that  the  corpora 
quadrigemina  (the  nates  and  testes)  are,  in  some  way,  con- 
cerned in  the  special  sense  of  vision,  and  belong  to  the  optic 
apparatus,  although  the  motions  of  the  eyeball  seem  to  be 
more  directly  influenced  than  vision  itself.  For  the  experi- 
ments which  seem  to  prove  this,  the  reader  is  referred  to 
page  58  and  59  of  this  volume. 

8.  The  internal  capsule  of  the  cerebrum  seems  to  be  one 
of  the  most  important  regions  of  the  brain,  from  a  clinical 
standpoint,  since  the  slightest  pressure  upon  it  produces 
symptoms  which  vary  with  the  portion  pressed  upon,  and 
since  a  secondary  degeneration^^  which  descends  along  the 
nerve  fibers  of  the  crus,  pons,  medulla,  and  spinal  cord,  is  in- 
evitably the  result  of  disease  of  this  portion  of  the  cerebrum. 
If  the  anterior  tioo  thirds  of  the  internal  capsule  be  the  seat 
of  pressure  or  disease,  hemiplegia  of  the  opposite  side  re- 
sults ;  if  the  posterior  third  be  affected,  a  condition  of  ances- 
thesia  of  the  opposite  side  is  produced.  Choreic  movements^ 
which  vary  in  degree  and  type,  and  which  may  appear  as 
athetosis,  ataxia,  true  chorea,  or  tremor,  are  strongly  diag- 
nostic of  lesion  of  the  internal  capsule,  provided  they  follow 
an  attack  of  hemiplegia  or  hemi-anaesthesia. 

*  To  what  extent  this  ganglion  presides  over  or  influenees  sensory  perceptions  must 
be  considered  unsettled.  For  opinions  on  the  subject,  the  reader  is  referred  to  page  67 
of  this  volume. 

*  For  the  eifects  of  this  descending  type  of  secondary  degeneration  of  nerve  tissue,  see 
page  44  of  this  volume. 
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9.  The  parts  adjoining  the  interno.l  capsvle  (the  caudate 
nucleus,  the  lenticular  nucleus,  the  white  center  of  the  frontal 
lobe,  and  the  optic  thalamus),  if  the  seat  of  haemorrhage,  tu- 
mors, or  other  lesions  which  are  capable  of  causing  pressure 
upon  it,  may  produce  symptoms  similar  to  those  of  disease  of 
the  internal  capsule  itself. 

10.  When  the  central  portions  of  the  cerebral  hemispheres 
are  the  seat  of  some  type  of  disease  which  has  been  suddenly 
developed,  as  in  haemorrhage,  acute  softening,  etc.,  symptoms 
referable  to  the  optic  apparatus  are  usually  present,  in  addi- 
tion to  the  other  sjonptoms  which  have  been  given  above. 
Thus  the  eyes  are  often  turned  away  from  the  paralyzed  side, 
and,  therefore,  toward  the  seat  of  the  lesion  ;  the  head  also  is 
usually  similarly  turned  ;  and,  in  case  the  injury  done  to  the 
brain  is  severe  or  extensive,  a  very  marked  rise  in  the  surface 
temperature  of  the  body  will  be  obseiTed. 

11.  When  the  pressure  upon  the  central  portions  of  the 
cerebral  hemispheres  is  gradual^  as  in  the  case  of  growing 
tumors,  we  have  developed  certain  special  signs,  which  de- 
pend upon  the  situation  of  the  tumor  and  the  line  of  its  great- 
est pressure  ;  but  we  are  also  liable  to  have  evidences  develop 
in  the  eye,  which  are  called  those  of  ''neuro-retinitis,"  and 
may  result  in  the  condition  known  by  ophthalmologists  as 
the  ''choked  disk. ^' 


THE  CRANIAL  IS^ERVES. 

THEIR  ANATOMY,  PHYSIOLOGY,  AND  CLINICAL  VALUE. 


THE   CRANIAL  NERVES. 


The  nerves  which  arise  from  the  brain  are  arranged  as  * 
twelve  pairs,  which  from  before  backward  are  called  the  ol- 
factory, optic,  motor  oculi,  trochlearis,  trigemini,  abducens, 
facial,  auditory,  glosso-pharyngeal,  pneumogastric,  spinal  ac- 
cessory, and  hypo-glossal.  All  of  these,  excepting  the  ninth, 
tenth,  and  eleventh  pairs,  are  confined  in  their  distribution  to 
the  head;  while  the  other  three  have  a  distribution  to  the 
structures  of  the  neck  and  trunk. 

THE  OLFACTORY  NERVE. 

The  first  cranial  nerve  or  nerve  of  smell  consists  (1)  of 
three  roots  ;  (2)  an  olfactory  process ;  (3)  a  bulb  ;  and  (4)  ter- 
minal branches,  which  are  distributed  to  the  cavities  of  the 
nose. 

The  three  roots  are  called  the  external^  middle^  and  in- 
ternal. 

The  external  root  arises  apparently  from  the  posterior  bor- 
der of  the  fissure  of  Sylvius,  and  is  said  to  be  traceable  to  the 
corpus  striatum,  the  anterior  commissure,  the  optic  thalamus, 
and  the  island  of  Reil.  The  internal  or  short  root  is  said  by 
Foville  to  be  connected  with  the  longitudinal  fibers  of  the 
gyrus  fomicatus.  The  middle  or  gray  root  arises  from  a 
pyramidal  mass  of  gray  matter,  the  caruncula  mavimillaris. 

'  Willis  has  diyided  the  cranial  nerves  into  nine  paii^,  grouping  the  seventh  and 
eighth  nerres  as  one  pair,  and  the  ninth,  tenth,  and  eleventh  as  one  pair. 


Fid.  38. —  Ol/aelor/i  gangloM  onif  ncrttai.    (Iliracbfcld.) 
ari/  ifoHjillon  ani/nn-Ffi  /  3,  branch  of  Ihc  nasal  nerve;  S,  q>ltcno-|ia1atiDe  ^n- 
in ;  -t,  7.  btanchei  of  (he  grcnt  pHlaliiie  nerve ;  B,  posteriiir  jMlatini!  i  ^      -  < 

ale  palatine  nerve  j  8,  9.  bnmrhp^  Troni  llie  B-pIii^nivpalaline  ^aitglioi 
fTliliaa  ncrreand  ite  brauohca;  13,  externa.)  carutid  brancli  from  ihe  eupcriar  i 

The  filaments  of  the  olfactory  nerve  are  described  l>y 
Vfessrs.  Todd  and  Bomnan'  as  differing  in  their  structure 
'rom  The  ordinary  filaments  found 
n  the  other  cranial  nerves,  iu  that 
:hey  contain  no  white  substance  of 
Schwann,  and  are  nucleated  and  fine- 
,y  granular  in  texture.  This  absence 
jf  the  white  Bubstanre,  found  in 
)ther  nerves,  renders  it  difficult  to 
■jace  their  course  in  the  Schneiderian 
nembrane;  which  difficulty  is  still 
Turther  enhanced  by  the  existing  nu- 
■lei,  which  resemble  those  of  the  tis- 
mes  tlirough  which  they  jmss.  y„ 

The  limit  of  dLstribntion  of  the 
olfactory  nenes  seems  to  be  confined  i, 
to  the  superior  three  fourths  of  the 
*eptnm  of  the  nose,  the  superior  tur- 
;)ijiated  bone,  tlie  upper  half  of  the 
niddle  turbinated  bone,  and  the  i-oof 

1  "  rhrsiological  AnaloTOj." 


1.  29.— TVj-minn/  filamm(»  nf 
Ihnolfaetorynti-vi^;  ntooniStil 
SO  diaiMtfr:  (KUlllker.) 
from  tlip  frog— a,  ejiithclial 
eelU  o(  tbe  olfaclory  rcHion  : 
A,  olCactorj  eells.  2.  Small 
branch  of  Ihe  olfaetory  nervo 
at  the  Frog,  sepitrating  at  one 
md  into  a  brush  of  Tariooa? 
Gbrll«.  a.  Olfactory  evil  of 
the  «bMp. 
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of  the  nasal  cavities ;  all  of  which  seems  to  be  defined  by  a 
I»rown-colored  tesselated  epitlieliiini.' 

Odnrnns  particles,  present  in  the  inspired  air,  as  they  pass 
ihruiigh  the  lower  chambers  of  the  nares,  are  diffused  into 
the  upper  nasal  chambers,  and.  falling  upon  the  olfartory 
epithelium,*  produce  sensory  impulses  which  are  transmitted 
to  the  brain  and  give  rise  to  the  sensations  of  smell. 

Forced  inspiration,  or  sniffing,  increases  the  upward  dif- 
fusion of  inspired  air,  and  thus  a  more  complete  contact  of 
the  odorous  particles  is  insured. 

It  seems  that,  for  the  development  of  smell,  the  odorous 
particles  must  be  transmitted  to  the  nasal  mucous  membrane 
in  a  gaseous  medium,  as  the  simultaneous  contact  of  fluids 
destroys  all  appreciation  of  odor.* 

Animals  with  a  very  acute  sense  of  smell  have  a  modified 
arrangement  of  tlie  turbinated  bones,  to  afFui-d  a  larger  ex- 
panse of  surface  than  exists  in  man. 

It  has  been  asserted  by  some  physiologists  that  the  olfac- 
tory nerve  Is  not  the  only  neiTe  of  smell,  and  Mn^ndie 
claimed  that  animals  could  perceive  the  odor  of  some  anb- 
stancres  after  the  olfactorj-  bulbs  had  been  removed.  He  n»ed 
ammonia,  however,  as  a  test  in  his  experiments,  which  is 
hardly  a  test  of  smell,  as  it  is  a  powerful  stimulant  to  ihe  ftfih 
nerve. 

Bernard '  reports  cases  of  absence  of  the  olfa<*t<try  hnllts 
in  man,  where  smell  existed  during  life.  Pi-evost,'  however, 
claims  that  section  of  the  olfactory  bulbs  entirely  destroys  the 
sen-ie  of  smell.  Injury  to  the  Ji/tJi  nerre  may  also  destroy 
smell,  even  where  the  olfactory  nerve  remains  intact ;  bnt  this 
elf.'i't  is  hanily  a  proof  that  the  ner\-e  is  in  any  way  related  W 
tliiit  special  sense,  since  the  effetrt  Is  probably  due  loaxvaU^rrfd 
riinf/ifhii  of  the  nasal  mv<L-ous  luemhraiie,  which  prevents  its 
jM^rformiiig  it-s  natural  function.  Tlie  loss  of  smell  may, 
therefore,  be  of  s<mie  diagnostic  value,  if  associated  with  other 
sjTnptoms  referable  to  imjiairment  of  the  fifth  cranial  nprve. 

■  Uoi  Schnliw.  <  U<<!h.  Koftrr,  -  Tni-Ilook  of  Phpiolosr," 

' "  Sj*!.  Bcrr,,"  tcl,  il.  •  "  Arehtrea  do  hA.  phy*.  ct  wt.,"  IKl, 


It  seenis  necessary,  in  all  animals  wliich  live  in  the  air, 
that  all  otloroua  materials  must  enter  the  nostril  to  be  per- 
ceived, and,  furthennore,  that  the  membrane  of  the  nose  mnst 
be  in  a  proper  condition  of  mfjistiire ;  hence,  by  breathing 
through  the  mouth,  the  most  disagreeable  of  odors  may  usu- 
ally be  nnperceived,  and  the  blunted  sensibility  of  the  powqr 
of  smell,  which  oiicurs  in  catarrh,  may  ])lau8ibly  be  explained 
as  the  result  of  a  delicient  seci-etion  in  the  early  stage  of  the 
attack,  and  of  excessive  secretion  later  on  in  the  disease. 
The  curious  etfects  of  section  or  injury  of  the  fifth  cranial 
ner\'e  ujion  the  sense  of  smell  may  justly  be  attributed  to  the 
alteration  in  the  amount  of  secretion  of  the  lining  membrane 
of  the  nose,  since  this  nerve  exerts  a  marked  influence  upon 
the  secretions  of  the  tissnes  supplied  by  it. 


^^^*^^^' 


f<'        II  VflLf  Snppcj ) 

ifMiipin  (ti(  mucciuB  tnciubraac  corerin*; 

internal  branch  of  Ibe  ethmoidal  division  of  the 

.466    cdTemous  plexus     T   BUperior  ur 

intimal  carolld  braooh  from  tin.  siipenor  cer- 

^ irtinp  this  branch  with   the  citsroal  carotid 

bruK^:  10,  oHgiii  of  (bii  branch;  II,  gsaglion  of  thcgloKno-pliaryngciil;  IS,  jiij>u- 
Isr  e*ns'i°n  of  the  |mcumogB«trlc;  13,  anaalomolic  filaments  eitcnding  from  the 
«jni[iathBlic  to  the  twn  preiicding  nerves ;  14,  an>stomo«is  of  the  xpinal  aavmtty 
wiib  the  pneninagastric ;  in,  Slami-nt  connecting  the  sjmpaihctjc  with  the  hypo- 
f(kM»al;  L  olfaetory;  II.  npCic;  III,  motor  oculi;  IV,  patheticua ;  V,  IrfgeminuB  ; 
VI,  abduot'D*:  VII.  rncial;  VIII,  .iiiJitory;  IX,  gloeeo- pharyngeal ;  X,  pneuiuogaa- 
trie;  K J.  Epinnl  aoce»aory :  XII,  hypo-gloasal. 

The  act  of  sneezing,  by  which  a  forcible  blast  of  air  is 
driven  through  the  nostrils,  is  often  an  effort  on  the  part  of 
Natnre  to  get  rid  of  some  irritating  substance ;  and  thus. 


through  the  agency  of  the  fifth  nerve,  is  the  nose  made  the 
portal  of  (he  respiratory  apparatus,  where  cogmzance  of  the 
quality  of  the  air  breathed  is  constantly  taken,  and  where  all 
foreign  or  injurious  matters  are  at  once  detected,  and  often 
expelled. 

A  marked  peculiarity  of  the  olfactory  nerve  is  shown  by 
the  fiict  that  no  form  of  irritation  of  its  fibers  excites  reSex 
muscular  action  tUwugh  other  nerves;'  neither  ia  it  capable 
of  the  sensation  of  pain,  since  section  of  the  nerve,  or  evt-n  the 
destruction  of  the  olfactory  ganglia,  seems  to  create  no  special 
distress  in  animals,  and  the  nose  retains  its  normal  seositive- 
ness  until  the  tifth  nerve  is  also  divided. 

The  olfactory  nerve,  however,  may  be  the  sourt;e  of  another 
viiriety  of  marked  reflex  a^^tion.  Many  cases  are  record»Nl 
where  fainting  and  voniifiitg  have  been  producetl  by  c*'rtain 
odors ;  while,  for  some  unexplained  reason,  mental  as-sotHn- 
tions  cluster  around  sensations  of  smell  more  sti-ongly  tliaa 
any  other  form  of  impression  received  from  without.' 

The  importance  of  the  sense  of  smell  among  many  of  (he 
lower  animals,  in  guiding  them  to  their  food,  or  in  giving 
them  warning  of  danger,  and  also  in  exciting  the  sexual  feel- 
ings, is  well  known.  Among  the  sava^  tribes,  whose  semws 
are  more  cnltivated  than  those  of  civilized  nations,  the  scent 
is  almost  as  acute  as  in  the  lower  mammalia.  It  is  asserted  by 
Humboldt  that  the  Peruvian  Indians,  in  the  middle  of  the 
night,  can  thus  distinguish  the  different  races,  whether  Euro- 
pean, American,  Indian,  or  !Negro. 

The  agreeable  or  disagreeable  character  assigned  to  any 
particulai-  odor  is  by  no  means  constant  among  different  indi- 
viduals. Many  of  the  lower  animals  pass  their  whole  lives 
in  the  midst  of  odors  which  ai-e  to  man  (in  a  civilized  condi- 
tion) in  the  highest  degree  revolting,  and  will  even  refuse  to 
touch  food  until  it  is  far  advanced  in  pntridity.' 


'  Carprotrr, 

PrinciplM  of  Physiolngr." 
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It  is  diflBLcult  to  say  when  eflBiuvia  have  been  completely 
removed  from  the  nasal  passages,  since  it  is  not  unlikely  that 
odorous  particles  (supposing  such  to  exist)  are  often  ab- 
sorbed, or  possibly  dissolved  by  the  mucous  secretion.  It 
frequently  happens,  in  regard  to  odors  and  savors,  that  habit 
makes  that  agreeable,  and  even  strongly  relished,  which  was 
at  first  avoided ;  the  taste  of  an  epicure  for  game  that  has 
acquired  the  fumet^  for  assaf oetida,  garlic,  etc. ,  is  an  instance 
of  this.  A  case  is  reported,  where,  in  a  state  of  hypnotism,  a 
youth  had  his  sense  of  smell  so  remarkably  heightened  as  to 
be  able  to  assign,  without  the  least  hesitation,  a  glove  placed 
in  his  hand  to  its  right  owner,  in  the  midst  of  about  thirty 
X>ersons,  the  boy  himself  being  blindfolded  ;  *  but  modified 
forms  of  this  excessive  development  of  this  power  of  smell 
are  by  no  means  rare. 

The  word  "  taste  "  is  often  used  when  the  word  "  smell " 
should  be  employed.  We  speak  of  tasting  odoriferous  sub- 
stances, such  as  onions,  wines,  etc.,  when  in  reality  we  only 
smell  them  as  we  hold  them  in  the  mouth.  This  is  proved  by 
the  fact  that  the  so-called  taste  of  these  things  is  lost  when 
the  nose  is  held  or  the  nasal  membrane  rendered  inert  by  a 
catarrh.' 

CLINICAL  POINTS  AFFORDED   BY  THE  OLFACTORY   NERVE. 

The  nerves  of  smell  may  become  the  seat  of  disease,  or  may 
simply  manifest  the  presence  of  disease  in  other  parts.  The 
two  conditions,  which  are  clinically  recognized  as  indicative  of 
existing  disease,  are  hyperesthesia  and  angesthesia^ — ^not  of 
the  sensibility  of  the  part,  in  its  generally  accepted  sense,  but 
an  increase  or  decrease  of  the  acuteness  of  the  olfactory  sense.* 

'  Carpenter,  op,  cit. 

^  Foster,  op,  cU. 

'  Aooording  to  Althaus,  if  the  mucous  membrane  of  the  nose  be  irritated  with  Tery 
fltrong  gaWamc  currents,  the  t€ute  of  phovphorw  is  produced ;  .but  no  perception  of  odors 
is  peroeired,  although  pain,  vertigo,  and  sensations  of  light  may  be  created.  It  is  cus- 
tomary, therefore,  to  use  other  means  for  the  purpose  of  testing  the  acuteness  of  this 
special  sense,  and  the  most  successful  method  consists  of  making  the  patient  smell  differ- 
ent odors,  using  the  nostrils  alternately,  and  avoiding  all  things,  as  tests,  which  would  create 
an  irritation  of  the  filaments  of  the  fifth  nerve,  such  as  ammonia,  acetic  acid,  snuff,  etc. 
(Henoe  the  defect  in  Magendie's  experiments  mentioned  on  page  98.)  It  is  advisable 
9 


To  the  former  condition,  the  term  '^ hyperosmia''''  is  Opi 
while  the  latter  m  called  ''anosmia/' 

The  condition  of  hyperosmia  is  often  perceived,  as  a  tem- 
porary excitation,  in  patients  recovering  from  some  prolonged 
disease  which  has  exhausted  their  nenous  power,  and  al«o 
in  the  hysterical  and  insane."  Should  the  presence  of  nn- 
natm-al  odors,  or  a  marked  increase  of  the  susceptibility  to 
odors,  exist  in  the  insane,  it  may  indicate  the  existence  of 
some  type  of  neoplasm  involving  the  frontal  loljes  at  the  bast- 
of  the  cerebrnm.  localized  disease  (softening,  as  a  rule)  of  tbc 
olfactory  bulbs,  or  adhesion  of  the  olfactory  bulbs  to  the  dtira 
mater ;  since  all  of  these  conditions  have  been  found  at  autop- 
sies, where  such  symptoms  existed  during  life,  Sander 
reports  a  curious  case,  where  such  a  subject  was  liable  I" 
epileptic  attacks,  and  where  the  attacks  were  associated  with 
abnormal  sensations  of  taste ;  the  autopsy  showed  a  tumor 
of  the  left  olfactory  bulb. 

The  abolition  of  the  sense  of  smell  is  a  symptom  of  greater 
frequency,  as  well  as  importance,  than  the  excitation  of  that 
special  sense.  In  rare  cases,  as  in  one  reported  by  Cloqnet, 
the  absence  of  the  power  of  smell  may  be  a  congenital  defect 
Anosmia  may  be  developed,  an  a  temporary/  condition,  during 
an  attack  of  acute  catarrhal  inflammation  of  the  nares,  which 
alters  the  character  of  the  membrane,  or,  in  chronic  catarrii, 
by  the  effect  upon  the  natural  moisture  of  the  mucous  lining 
of  the  nose.  It  may  be  present  in  "  Bell's  paralysis.'"'  since 
the  faciiil  nen-e  no  longer  idlords  motor  power  to  the  muscles 
which  dilate  the  nostril,  and  thus  the  entrance  of  air  to  th* 
upper  nasal  chamber  is  obstructed.     Anosmia  may  be  one  uf 

to  une  odore  whii:!!  are  txitli  agmsblc  nncl  dlugrecable  ;  hi^ncc  oologiw,  omphor,  mnA. 
eir.,  OD  the  ooe  huicl,  kiiil  raltiruiii,  u^nfiptldii,  lurpentloc,  eulpbureied  bfilroiKn.  f-.  oo 
thg  other  buid,  arc  ronimunlj  cmplojinl.  It  iaalfto  ciuIomnrTlo  pUcc  anmio^tr  labMBAi. 
■uob  u  oolfn,  wIdp,  Ilqaon,  ud  chocae,  viVAin  Ihr  inonlh,  so  ibnl  the  poalcrior  pait  of 
the  ooee  cmn  perocirc  tbinn.  tXaee  the  odoKfcmui  parttclpi  p>Hi  apinrd  \>j  mruu  ot  ibc 
pharfiu,  rstlier  u  ui  imiginarj  uutc.  howprpr.  than  as  true  olfic4or7  ^lomptiou. 

'  FreqnenU;  odon  of  ihp  maul  plrasant  character,  txuAt  u  lbnc«  of  Howrra,  etc,  dhj 
oecanion  fainting,  n«u*ca,  b«dacbc,  or  rvcn  coo  mini  on  s,  in  thin  ilaM  ot  patimta ;  laliBa 
odon  nauMa^g  to  other*  nta^  be  tolerated,  and.  pomlblir.  prrtnTrd  bj  them. 

'  Fnr  (hu  fymplonia  of  this  nffectiou.  Bee  pa^  of  thli  rolume  deaorlpllTt  of  lbs  hdal 
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the  manifestations  of  tumor  at  the  base  of  the  brain ;  of  ab- 
scess of  the  pituitary  body  (as  reported  by  Oppert) ;  of  syphi- 
litic thickening  of  the  periosteum  and  mucous  lining  of  the 
nose;  of  lesions  resulting  in  paralysis  of  the  fifth  cranial 
nerve,  for  some  unexplained  reason  ;  of  hysteria ;  and,  finally, 
of  certain  types  of  insanity.  A  partial  loss  of  smell  has  been 
known  to  follow  typhoid  fever  and  meningitis,  in  which  case 
the  sense  is  usually  regained.  Chronic  rheumatism,  chronic 
rhinitis,  and  traumatism,  have  also  proven  exciting  causes  of 
a  temporary  but  serious  loss  of  the  sense  of  smell.  * 


THE  OPTIC  NERVE. 

The  second  cranial  or  optic  nerve  presents  for  examination 
from  before  backward :  1,  the  optic  nerve  proper ;  2,  the  op- 
tic commissure ;  and  3,  the  optic  tract. 

The  optic  tracts  of  either  side  extend  from  their  point  of 
origin  in  the  corpora  quadrigemina^  where  they  receive  a  few 
fibers  from  the  optic  thalamus,*  to  the  optic  commissure,  to 
reach  which  point,  each  is  compelled  to  pass  around  the  cms 
cerebri.  In  their  passage  around  the  crus,  each  tract  receives 
a  few  fibers  of  attachment  at  its  anterior  margin  ;  and,  after 
leaving  the  crus,  just  before  the  optic  chiasm  is  formed,  each 
receives  additional  fibers  from  the  lamina  cinerea  and  the  tu- 
ber cinereum. 

« 

The  optic  commissure  or  chiasm  is  formed  by  the  junc- 
tion of  the  two  optic  tracts,  and  from  it  the  two  optic  nerves 
diverge  to  pass  to  their  distribution  in  the  retina  of  either 
eye.  The  construction  of  the  optic  chiasm  is  of  interest  both 
from  an  anatomical  and  a  physiological  standpoint.  In  it, 
four  sets  of  fibers  may  be  demonstrated,  called,  respectively, 

'  In  almost  all  cases,  where  anosmia  affects  both  sides  of  the  nasal  cavity,  the 
sense  of  taste  is  also  impaired.  All  aromatic  forms  of  food  and  wines  have  a  distorted 
flaTor.  It  is  claimed  by  Ogle  that  the  pigment  in  the  olfactory  mucous  membrane  has 
some  effect  upon  the  sense  of  smell. 

'  Physiological  experiment  seems  to  point  to  the  angular  gyrus  as  intimately 
connected  with  the  deep  fibers  of  the  optic  nerve  (see  pages  51  and  52  of  this  vol- 
ume). 
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the  i liter-cerebral  fibers,  which  are  sitnated  at  the  poste- 
rior portion  of  the  commissure,  and  connect  the  two  hemi- 
spheres of  the  cerebrum ;  the  («- 
ter-retiiial  fibers,  which  are  aita- 
ated  in  the  anterior  portion  of  the 
chiasm,  and  connect  the  retina  of 
one  eye  with  that  of  the  other ;  the 
longitudinal  fibers,  which  lie  on 
the  estemal  side  of  each  of  the 
optic  tracts,  and  connect  ihe  ret- 
ina with  the  cerebral  hemiaphetv 
of  the  same  side ;  and,  finallT, 
the  decussating  fleers,  which  pa» 
through  the  center  of  the  uptic 
chiasm,  and  serve  to  connect  the 
retina  of  each  eye  with  the  opp<^ 
site  cerebral  hemisphere. 

The  optic  nerve  proper  arises 
fi-om  tlie  anterior  part  of  the  optic 
commissure  and  enters  the  optic 
foramen,  in  company  with  the  oph- 
thalmic artery,  being  surrounded 
M?  radii  M^ Mi'    ^^  ^  tubular  process  of  duni  nuiler, 
audiioiT  nerre ;  13,  nerve  of    which,  as  the  uerve  enters  the  nr- 
gerrnem;  iB.'pneulS^in^i    bit,  subdivides  and  fomis  l)oth  the 
li^n^tKrvT^""^'  "■  '"''    sheath  of  the  nen-e  and  the  port- 
osttium  of  the  orbit.     The    nerve 
pierces  the  sclerotic  and  choroid  coats  of  the  eye,  alx>ut  one 
tenth  of  an  inch  to  the  inner  side  of  the  axis  of  the  eye,  and 
then  divides  into  numerous  small  fibrils,  which  appear  to 
spread  themselves  out  from  the  jiapilla  of  tiie  retina  some- 
what like  the  spokes  of  a  wheel. 

In  the  accompanying  diagram,'  which  is  not  given  as  an 
accurate  representation  of  the  parts,  but  rather  as  an  aid  t<i 
memory,  and  to  render  plain  what  words  alone  might  makt^ 
obecure,  the  fil>ers  of  the  optic  nerve  are  seen  to  enter  the  »- 

■  Ailet  Wt'liLT.  of  Dmrm<twll.     (Sc*  p4g<.'  ln».) 


,  infundi  bill  urn  ;  S,  •    _ 

■un  ,'  8,  rarparii  Blblcanti 
4,  certhrai  ptdunctt ;  3,  tuber 
■anulare ;  A,  oplie  Irndt  and 
nrrvt),  dcfMualinj/  at  tlu  t 
rHMiurc,  or  eKiaina ;  T,  lui 
ocuU  communli;  B,  patjieticu 
B,  fifth  n 
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L  at  the  point  desigmited  by  the  letter  P,  which  is  called 
•  papilla,  since,  at  this  point,  the  retina  is  slightly  raised 
3  the  remaining  portion.  This  papilla  is  not  in  the  exact 
I  center  of  the  retina,  since  that  point  ia  reserved  for  the  macula 
\,hiiea,  in  the  center  of  the  so-called  "  yellow  spot  of  Sommer- 
I  ing,"  where  the  most  exact  vision  of  external  objects  is  ob- 


Fia.  8S. — A   diagram  to  i/tom  Ihe  tourie  of 

llie  optic Jibcrt  in  llit  rdina.   (After  Weber.) 

r,  Ibe  papilla,  where  the  optic  nerve  enters  ; 

H,  the  tHocula  lilfa. 


jned  ;  but  it  is  placed  to  the  inner  .vide  of  the  center,  and 

mrly  on  the  same  level  with  the  yeliow  spot.     It  will  be 

«n  that  those  nerve  fibers  which  are  distribnted  to  the  yellmo 

iot  nf  Sommering  are  directed  ontward  in  a  nearly  straight 

ae  from  the  papilla,  as  are  also  those  which  supply  the  part 

Dtemal  to  the  papilla ;  but  that,  in  order  to  avoid  crossing 

ihe  yellow  spot,  the  fibers  are  compelled  t(i  pass  in  a  more 

or  less  curved  direction  to  the  other  parts  of  the  retina, 

ffhereas.  if  the  papilla  were  in  tie  exact  renter,  the  fibers 

yt  the  optic  nerve  would  firobably  have  been  straight,  and 

iminged  as  the  radii  of  a  circle.      Tliis  airangement  of  the 

liptic  fibers  dilfers  fi-om  that  described  by  some  of  the  text- 

K>oks  on  physiology,  one  of  which,  to  my  knowledge,  states 

liat  they  are  arranged  as  a  plexns,  and  that  the  frequent 

noecnlation  gives  a  peculiar  "net-like"  appeai-ance  to  the 
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Optic  fibers.'  Probably  th«  tajct  tliat  the  nerve  fibers  lose 
their  sheaths  as  soon  as  they  enter  the  retina,  and  thus, 
unless  they  be  previously  stained,  siflord  some  diffiealty  in 
tracing  them,  explains  the  error  in  description. 

REFLEX    ALTS   EXCITED   BY  THE  OPTIC    KERVE. 

The  optic  nerve  differs  from  the  olfactory  nen-e  in  one  im- 
portant respect,  viz.,  in  its  power  of  conveying  impressions 
which  create  retlex  muscular  movements.'  The  motions  of  th* 
iris  are  always  influenced  by  the  amount  of  light  which  enleis 
the  eye,  and  which  thus  affects  the  ojitio  nen-«  filameais. 
When  the  optic  nerve  is  dirided,  the  pupil  immediate/^/  con- 
tracts, unless  the  thii'd  cranial  nerve,  which  controls  its  move- 
ments, is  also  severed,  when  the  iris  fails  to  be  so  affected.' 
In  rare  cases  of  disease,  where  the  sight  of  one  eye  has  be*n 
destroyed  by  some  lesion  of  the  optic  nerve,  the  pupil  of  th« 
affected  eye  will  be  found  to  move  in  unison  with  the  unin- 
jured eye  ;  but  this  effect  is  to  be  attributed  to  a  motor  impnl*' 
created  by  the  influence  of  light  upon  the  retina  of  (he  uonniU 
organ.  In  some  ca-ses  also,  where  the  tissue  of  the  hemi- 
spheres has  undergone  changes  which  render  the  perception 
of  objects  impossible,  fhe  pupil  may  still  be  seen  to  rv^pond 
to  the  variations  of  the  quantity  of  light  which  enters  the 
chamber  of  the  eye  ;  thus  showing  that  the  optir  nerve  aiont 
is  required  to  create  the  reflex  act  upon  I  he  pupil  through 
the  third  nerve,  irrespective  of  the  brain. 

In  addition  to  the  power  of  the  optic  nerve  to  muse 
changes  in  the  pupil,  there  is  still  another  foi-ra  of  n-flex  act 
which  deserves  notice,  viz..  its  power  of  producing  contmcUnn 
of  the  orbicularis  palpebrarmn  mnsrle.  This  is  perraived 
when  an  excessive  quantity  of  light  renders  the  effect  upon 

'  Clrpenl«r.  op,  eil. 

'  CiriwDlcr,  op.  eil.  (It  i*  ■  qaMlion  il/ainiiag  uBil  vomititig  oui  not  be  ofun  iwllf 
n<inrdrrl  M  n'8«t  miucalu  urt.«,  depcndmi  upob  ilie  MnMtloiu  perceived  tiirwogli  tim 
oKtclUcir  ii)tr<r«.) 

>  DiHiliilrw  on  accioiint  oi  iho  ■iraultaticaiu  divisinn  of  i<yni|ialhffik  Dcrrc  flbcra,  vfaM 
UD  pmlnblT  drrivdJ  frum  ih«  fifth  ncrri! ;  titom  m<xam\iuij  thu  nptk  biitv and tliaf  eon- 
mil  Uw  dilMlng  fiber*  ot  Uiv  iri*. 
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the  retina  one  of  pain,  or  when  objects  to  be  perceived  are 
brought  into  too  close  proximity  to  the  eye.  Thus,  in  photo- 
phobia, the  peculiar  half-closed  condition  of  the  eye  is  not 
purely  a  voluntary  act,  as  the  eye  is,  at  the  same  time,  rolled 
upward  and  inward  to  a  much  gi*eater  extent  than  can  be  per- 
formed in  response  to  a  merely  voluntary  effort. 

The  act  of  sneezing  may  often  be  excited  by  the  visual 
sense,  when  a  sudden  exposure  of  the  eyes  to  a  strong  light 
occurs.  That  this  reflex  phenomenon  is  due  to  the  excitation 
of  the  optic,  and  not  to  the  olfactory  nerve,  is  proven  by  the 
feet  that,  unless  the  light  he  seen^  the  attack  of  sneezing  does 
not  take  place. 

DECUSSATION   OF  THE  OPTIC   FIBERS. 

The  object  of  the  decussation  of  the  fibers  of  the  optic 
nerve  has  been  explained  by  Wollaston,*  Mayo,*  and  others, 
as  an  arrangement  on  the  part  of  Nature  to  have  the  fibers, 
which  spring  from  each  optic  ganglion,  distributed  to  the  cor- 
responding side  of  each  retina  ;  the  right  optic  ganglion  be- 
ing thus  associated  with  the  outer  portion  of  the  retina  of  the 
right  eye  and  the  inner  portion  of  the  left  eye^  while  the  left 
ganglion  is  distributed  to  the  outer  portion  of  the  left  eye 
and  the  inner  portion  of  the  right  eye.  If  this  be  demon- 
strated as  true,  each  optic  ganglion  must  perceive  objects  on 
the  side  opposite  to  it ;  since  the  images  of  things  seen  by  the 
retina  must  fall  upon  the  outer  side  of  the  left  eye,  when 
placed  upon  the  right  side  of  the  eye,  and  vice  versa.  * 

A  similar  decussation  of  nerve  fibers  is  knowTi  to  exist  in 
both  the  posterior  horns  of  the  spinal  cord  and  also  in  the 
anterior  pyramids  of  the  medulla  oblongata ;  and  the  same 
arrangement  in  the  optic  nerves,  which  are  knowTi  to  be  of 
the  greatest  value  in  preseiTing  a  harmony  of  motion  through- 
out the  body,  may  be  for  the  object  of  bringing  the  visual  im- 
pressions into  a  more  direct  and  proper  accord  wdth  the  motor 

>  "  Philos.  Trans.,"  1824. 
*  See  Carpenter's  "  Physiologj'." 

'  See  bearing  of  this  arrangement  on  diagnosis  of  cranial  tumors,  later  on  in  this 
chapter. 
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apparatus.  In  support  of  this  view,  it  is  found  that  in  the 
invertebrate  animals,  where  the  optic  fibers  do  not  decus- 
sate, no  decussation  of  fibers  exists  in  the  general  motor 
system. 

In  some  animals,  where  the  two  eyes  have  an  entirely  dif- 
ferent field  of  vision,  the  decussation  of  the  fibers  from  each 
optic  ganglion  is  found  to  be  complete,  *  the  longitudinal  set 
being  absent,  and  the  whole  of  the  fibers  from  each  ganglion 


NASAL  SIDE  OPTIC  NERVE. 
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Fig.  34. — Relaiiou  of  na'vc  and  arlcrq  in  (he  optic  foramen, 
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1.2.  J.4.5.CILIAFY  ARTERIES. 
Fio.  35. — Refatiofix  of  npfic  urrvr  to  rcMrts  in  (he  orbit. 

passing  into  the  opposite  eye.  This  an:angement  can  be  per- 
ceived in  almost  all  of  the  bird  species  *  and  in  some  of  the 
osseous  fishes. 

RELATIOXS   OF   OPTIC    NERVE    IX   THE   ORBIT. 

The  relations  of  the  optic  nerve  to  blood-vessels  may  have 
often  a  bearing  upon  visicm.     It  i)asses  through  the  optic 

*  The  decussation  of  the  fibers  of  the  optic  nerve  seems  also  to  be  influenced  laifjdjj 
by  the  extent  of  the  tiehi  of  vision  which  can  be  covt-red  bi/  both  eye»  simnltAneoaslj. 
The  buniUe  of  docussatinji;  fil)ers  diflPern,  in  its  relative  size,  from  the  bundle  of  non-de- 
cussatinj?  fibers,  in  different  animal.-*,  who  possess  a  stereoscopic  perception  of  objecU 
(their  vision  being  binocular) ;  and  the  extent  of  the  field  of  binocular  vision  seemi  to 
explain  this  fact.  It  is  said  that  certain  binls  (as  the  hawk,  for  example)  have  an  addi- 
tional iK)wer  of  binocular  virion  afforded  them  by  means  of  two  macula?  lutc«p  in  each 
retina  ;  so  that,  having  two  spots  of  di.««tinet  vision  in  each  eye,  the  two  eyes  can  tbe 
readily  focus  suddenly  upon  any  object. 

•  Solly,  "  The  Human  Rrain  "  (Am.  ediUon). 
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foramen  in  comi)any  with  the  ophthalmic  artery,  and  is  sur- 
rounded, for  the  balance  of  its  length,  by  the  ciliary  arteries, 
which  lie  in  close  relation  with  it.  It  is  also  pierced  by  the 
arteria  centralis  retince^  which  is  thus  enabled  to  reach  the 
papilla  of  the  retina,  and,  from  that  point,  to  ramify  through- 
out that  membrane. 

It  can  be  readily  understood,  therefore,  how  liable  would 
be  any  vascular  growth  within  the  orbit  to  press  upon  the 
fibers  of  the  optic  nerve,  or  to  create  sympathetic  changes  in 
the  vessels  of  the  retina  itself ;  while,  as  an  anatomical  fact, 
the  enormous  collateral  circulation  which  exists  on  account 
of  the  frequent  anastomosis  in  this  region,  renders  such  vas- 
cular growths  within  the  orbit  by  no  means  uncommon. 

ANATOMICAL   DEFECTS   OF  VISION   AND  THEIR   CONSEQUENCES. 

A  ray  of  light  falling  upon  the  retina  strikes  the  expansion 
of  the  fibers  of  the  optic  nerve,  and  creates  what  may  be  called 
a  sensation  of  light.  What  this  sensation  is,  it  is  not  within 
the  province  of  this  work  to  discuss,  nor  is  it  possible,  from 
our  present  enlightenment,  to  explain  how  the  brain  trans- 
forms impressions,  received  from  the  fibers  of  the  different 
nerves  of  special  sense,  into  an  actual  recognition  of  either 
smell,  sight,  taste,  or  hearing.  Tliis  should  not  deter  us,  how- 
ever, from  carefully  studying  all  the  mechanical  ingenuity 
which  Nature  has  shown  in  the  arrangement  of  certain  parts, 
or  from  attempting  to  interpret  her  aims  and  purposes  when 
any  such  subject  of  inquiry  seems  to  be  presented. 

There  are  certain  practical  points  pertaining  to  the  mechan- 
ism of  vision  concerning  wliich  every  physician  should  be  in- 
telligent ;  since  a  recognition  of  existing  optical  defects  and 
their  bearings  upon  health  will  often  enable  the  medical  ad- 
viser to  guide  aright  those  consulting  him,  when  otherwise 
serious  consequences  might  follow  the  very  lack  of  this  prac- 
tical knowledge. 

The  most  common  optical  defects  *  are,  undoubtedly,  Jiy- 
peropia^  or  far-sightedness;   myopia^   or  near-sightedness; 

*  Bowman  and  Todd,  *'  Physiological  Anatomy." 
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and  astigmatism^  or  imperfect  perception  of  objects  in  cer- 
tain meridians  of  vision. 


Fig.  36. — Diagram  to  illuatrate  congenital  or  acquired  dc/ectt  in  the  aniero-potlerior  diam- 
eter of  the  eye.  The  hiack  line  represents  the  normal  line  of  the  eye.  No.  1  represmu 
the  hyperopic  eye ;  2,  the  myopic  eye ;  3,  the  optic  nerve. 

The  first  of  these  conditions  indicates,  as  a  rule,  a  congeni- 
tal or  acquired  dim  i  nut  ion  in  the  antero-posterior  axis  of 
the  eye.  Thus,  as  age  advances,  the  eye  either  naturally 
becomes  flattened,  or  tlie  ability  to  accommodate  for  distance 
becomes  impaired,  and  vision  necessarily  becomes  hyi)eropic ; 
but,  in  many  cases,  children  are  bom  with  this  deformity, 
which  often  goes  too  long  unrecognized.  Were  Nature  not 
able  to  compensate  for  this  abnomuility  by  means  of  the  cili- 
ary muscle,  which,  by  altering  the  shape  *  of  the  crystalline 
lens  of  the  eve,  is  enabled  to  increase  its  convexity,  and  thus 
artificially  to  focus  near  objects,  such  cases  would  be  imme- 
diately made  known  by  the  inability  of  the  patient  to  read 
or  even  to  see  near  objects  with  distin(»tness.  But  such  cases 
go  on  from  year  to  year,  struggling,  with  the  aid  of  this  mus- 
cle, to  see,  and  thus  wearing  out  their  vital  energy ;  trying 
to  excel  in  their  studies,  only  to  fail  from  the  fatigue  which 
attempts  at  study  bring  about,  which  they  themselves  or  their 
parents  can  not  exj^lain,  and  which  often  causes  them  to  in- 
cur bodily  chastisement ;  and  seeking,  as  a  i^elief,  out-of-door 
amusements,  in  whi(»h  thev  usually  excel,  since  little  muscu- 
lar  efl^ort  is  requir«*d  to  perceive  obje(*ts  at  a  distance. 

*  Foster,  Volckers,  Henscn,  and  Hook  claim  that  the  inerea.«cd  conTexity  of  the  lent 
is  due  to  the  relaxation  of  the  suspensory  ligninent,  thus  allowinp^  the  lenB  to  bulge  for- 
ward from  its  own  elasticitv. 
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How  cruel  and  injurious  to  health  must  be  compulsoiy 
education  to  such  a  one,  tiU,  by  the  aid  of  properly  adjusted 
glasses,  reading  becomes  a  pleasure ;  study  no  longer  a  bur- 
den, but  a  joy  ;  and  nervous  headache,  throbbing  in  the  orbit, 
double  vision,  and  other  evidences  of  nervous  prostration,  are 
numbered  as  among  the  things  of  the  past ! ' 

On  the  other  hand,  myopic  pailents  can  not  see  objects  at 
a  distance,  since  their  eyes  are  too  convex ;  but  only  when 
placed  close  to  the  eyes  are  the  beauties  of  outline  fully  per- 
ceived, and  distinct  vision  rendered  possible.  Out-of-door 
exercise  is,  to  children  of  this  type,  a  burden  and  a  disap- 
pointment, since  they  can  not  enjoy  Nature  in  her  most  beau- 
tiful aspects,  nor  indulge  in  sports  without  danger,  which  to 
the  healthy  child,  with  perfect  vision,  is  harmless.  Such 
children  seek  enjoyment  in  books,  the  contents  of  which  can 
be  seen  by  them  and  easily  read ;  the  fields  are  discarded  for 
the  parlor ;  the  enforced  retirement  is  wrongly  construed  by 
the  parents  and  physician  as  an  indication  of  precocity  and  a 
taste  above  that  of  the  romping  child ;  tlie  health  is  imper- 
iled, the  intellect  weakening  by  undue  strain,  and  the  mind 
made  one  of  ideals  rather  than  of  realities,  since  pictures  and 
book  representations  are  to  them  Nature  in  her  true  aspects.  * 

Astigmatism  is  a  condition  due  to  the  fact  that  either  the 
surfaces  of  the  cornea  or  of  the  crystalline  lens  are  not  of  the 
saine  curvature^  but  are  more  convex  in  some  portions  than 
in  others,  or  in  the  perpendicular  meridian  than  in  the  hori- 
zontal. This  abnormalitv  of  contour  causes  a  distortion  of 
the  image  of  objects  in  the  field  of  vision.  If  black  lines,  of 
equal  width,  be  drawn  parallel  with  each  other,  and  seveml 
placed  perpendicularly  on  one  portion  of  a  page  and  several 
horizontally  on  another  portion  of  the  same  page,  such  an  eye 
will  see  one  or  the  other  set  either  less  distinctly  as  to  outline, 
or  one  set  will  appear  darker  than  the  other. 

Almost  all  eyes  are  slightly  astigmatic,  and  generally  with 
the  greatest  convexity  in  the  vertical  meridian.  And  the  same 
irregularity  in  lenses  can  be  demonstrated  by  attempting  to 

'  See  article  by  Dr.  Loring,  " Harper's  Mag,"  August,  18Y9. 


focus  light  fnjm  a  lumiQoiis  point,  when  the  image  will  be 
found  to  be  radiated,  instead  of  a  perfect  circle,  as  it  should 
be  from  a  perfect  lens. 

In  choosing  spectacles,  for  the  purp<tBe  of  correcting  erron 
of  the  eye,  it  is  of  great  consequence  not  to  make  an  ortr- 
compensation  ;  for  this  has  a.  tendency  to  inci-eaae  the  defect. 
besides  occasioning  great  fatigae  in  the  employment  of  the 
sight. 

From  obsen-ations  previously  made  as  to  the  mechamsm 
of  the  action  of  the  ciliar>'  muscle  upon  the  lens,  by  which 
vision  is  accommodated  for  near  objects  in  case  the  eye  is 
normal,  it  may  be  understofHl  why  all  power  of  accommoda- 
tion of  vision  is  lost  after  the  operation  for  cataract. 


A    TEST    FOR    «Yni'[A    AND    HYPEROI'lA. 

E  B  F  P  T  Z  D 

D  L  T  Z  F  P  E 

B  E  P  F  Z  T  L 


'Hie  normal  eye  should  read  letters  of  this  kind  and  Ak 
at  tAventy  feet.  Vision  is  then  said  to  be  normal.  If  the  eye 
can  nol  do  this  at  twenty,  but  can  at  ten  feet,  then  vision  is 
fen  twentieths,  or  one  half  of  the  normal,  and  so  on. 

To  test  the  eyes,  place  the  lettera  at  twenty  feet  dis- 
tanee,  in  a  good  light.  Try  first  one  eye.  and  then  the 
other. 

Any  eye  winch  can  not  read  the  letters  Buently  at  this  dis- 
tiince  deviates  from  the  normal  standanl,  and  should  hax-e  a 
thoroup;h  examination. 

To  test  for  the  defect  which  has  been  mentioned  in  the 
foretpting  remarks  aa  astigmatism,  place  the  drawing,  show- 
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ng  parallel  lines  arranged  vertically  and  horizontally,  at  Hf- 
Jen  or  twenty  feet,  and  be  sure  to  test  each  eye  separately. 

A   TEST   FOIl    ASTIOJIATISM. 


Tliese  Hnea  should  apjiear  equally  distinct ;  that  is,  those 
■nnning  vertically  should  look  aa  black  and  clearly  defined  as 
faose  which  run  horizontally,  and  vice  versa.  If,  however, 
ibere  w  any  difference  between  them  as  to  shade  of  color  or 
Ustinctness  of  outline,  the  eye  is  astigmatic,  and  the  greater 
he  difference,  the  greater  the  degree.  Such  an  eye  as  this 
quires  peculiar  glasses,  which  can  only  be  determined  by  a 
nrefnl  examination,  and  which  have  to  be  selected  to  fit  each 
It  may  be  that  a  person  is  not  astigmatic  for  vertical  or 
lorizontal  lines,  but  is  for  those  running  obliquely.  To  test 
I,  turn  the  drawing  no  that  what  are  ordinarily  the  vertical 
ines  shall  run  obliquely,  say.  at  an  angle  of  forty-five  de- 


If,  now,  this  were  all,  it  would  be  a  simple  matter  for  the 


parent  or  teacher  to  determine  just  what  children  n< 
careful  examinatiun,  but,  unfortunately,  there  are  a  large 
number  of  childj-en  who,  as  has  been  aheady  exi»Iaiued,  have 
a  deficiency  of  optical  power,  but  who  can,  nevertheless,  neu- 
tralize this  deficiency  by  an  effort,  so  that  they  can  aee  at  as 
great  a  distance  and  as  clearly  as  those  who  have  normal  eyes. 
These  are  those  who  most  suffer  from  headache,  and  from  all 
the  ills  of  a  nervous  nature  which  have  been  detailed  in  the 
foregoing  remarks.  The  only  satisfactory  way  out  of  the  dif- 
ficulty would  appear  to  Iw,  that  every  child  should  have  the 
optical  condition  of  the  eye  iind  the  amount  of  vision  deter- 
mined, before  school  life  begins,  by  some  competent  peraon 
trained  in  the  methods  of  making  these  examinations. 

CHAS0E3   IN  THE   PrPIL. 

The  pupil  of  the  eye  may  be  seen  to  dilate  when  distant 
objects  are  to  l)e  perceived,  and  to  contract  when  near  objecta 
are  inspected,  since,  by  so  doing,  the  amount  of  light  which 
enters  the  eye  is  regulated,  and  the  distinctness  of  the  image 
is  thus  increased. 

Irritation  of  the  optic  nerve,  by  an  excessive  qnaatJty  of 
light,  also  creates  contraction  of  the  pupil ;  while  the  same 
condition  may  be  the  result  of  simply  turning  the  eyeball 
inward. ' 

In  the  early  stages  of  aniBsthesia '  from  chloroform,  in 
alcoholic  excitement,  in  poisoning  from  morphia,  physostig- 
min,  and  some  other  drugs,  and,  finally,  in  deep  slumber,  the 
pupils  are  found  to  be  rantracted. 

DiUttalion  of  the  pupil  may  be  dependent  upon  a  dim 
light,  an  attempt  to  new  distant  objects,  emotional  excite- 
ment, the  latter  stages  of  anassthesia  fi-om  chloroform,  oDd 
from  belladonna  poisoning  and  that  of  drugs  of  simUar 
action  ;  while  it  may  also  occur  in  all  conditions  creating  an 

'  "  I  mtjr  here  t»j  that  »mM  ■nd  uDequil  pupils  in  \  fvnrm  of  middle  a^  fram 
t«ent7-flTc  to  liily,  ihould  Icwl  to  bq  inqair?  iaio  iho  pOMibtr  iiiatcnn  of  on*  of  Uitw 
Inorblil  lUlc^  lii. :  paralytic  dementia  (or  general  parBljai(),s['[ero«L)i<f  the  poiUriortaL 
wniu,  and  oirdiac  nf  acinic  diMas«  linlra-thoradc  diwasc)."    ( K.  C.  Scguin.) 

■  Uich.  VtMei,  •'  Teit-Uook  ol  Pbyriology." 
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excess  of  aqueous  humor  within  the  eye,  and  during  dyspnoea 
and  excessive  muscular  exertion. 

The  mechanism  of  the  action  of  the  pupil  will  be  more 
properly  considered  under  the  description  of  the  third  nerve, 
which  furnishes  it  with  motor  power. 

VISUAL  SENSATIONS   AND  THEIR   MODIFICATIONS. 

Shadows  thrown  upon  the  retina  are  perceived  as  specks  in 
the  vision,  the  so-called  mtiscce  volitantes,  *  They  may  arise 
from  tears  upon  the  cornea,  a  temporary  unevenness  of  the 
cornea  after  the  eyelid  has  been  pressing  upon  it,  imperfec- 
tions of  the  lens  or  its  capsule,  and  from  shadows  produced 
by  the  margin  of  the  iris,  especially  if  it  be  imperfect. 

They  are  distinguished  chiefly  by  their  almost  continual 
change  in  position,  when  the  head  is  moved  up  and  down, 
and  by  a  tendency  to  entire  disappearance  when  an  eflfort  is 
made  to  fix  the  vision  upon  them. 

That  point  on  the  retina,  the  papilla^  where  the  optic  nerve 
pierces  it,  is  called  the  ''blind  spot,"  "  since  no  sensations  of 
light  can  be  perceived  in  that  locality. 

In  that  portion  of  the  retina,  the  "macula  lutea,"  where 
the  images  to  be  perceived  by  the  optic  nerve  fall  most  direct- 
ly, and  where  most  of  our  visual  perceptions  are  therefore 
gained,  a  markedly  yellow  pigment  exists,  which  tends  to 
absorb  some  of  the  greenish-blue  rays  of  light ;  hence  what 
we  i)erceive  as  white  in  color  is,  in  reality,  more  or  less  yellow. 

When  pressure  is  forcibly  exerted  upon  the  eyeball,  the 
whole  retina  speedily  becomes  insensible  to  light.  This  fact 
has  been  explained  as  the  result  of  a  loss  of  the  conductive 
I)Ower  of  the  nerve  structures.  Exner,  however,  endeavors  to 
use  this  fact  as  the  basis  of  an  argument  to  prove  that  the 
sensation  of  light  is  the  result  of  some  substance  (as  yet  un- 
determined) within  the^  retina,  whose  production  is  tempora- 
rily arrested  by  any  pressure  upon  the  eye  which  is  suffi- 
ciently forcible  to  occlude  the  vessels  of  the  retina,  and  thus 
to  interfere  with  its  nutrition. 

»  Bowman,  "  Phys.  Anat."  «  Helmholtz,  "  Phys.  Optik." 
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THE    PERCEPTION    OF   COLOK. 


The  subject  of  color  bliaditess,  which  is  to-day  assnining 
great  importance,  naturally  suggests  to  the  inquiring  mind- 
by  what  anatomical  arrangement  are  the  optic  nen'e  fibers 


tife 


J 


no.  tl.—CryHalliiu  lm»,  antrrwr  wUw.    (Babucbio.) 

informed,  throufih  the  aid  ot  the  coats  of  the  retina,  of  the 
perception  by  that  membnine  of  the  color  of  imagers  t 

That  the  retiujc  of  animiils  possessed  color  was  first  noticed 
by  Knihn,  as  early  as  183J) ;  but  the  matter  was  not  regarded  aa 
of  any  physiologiral  importance  until  Boll,  in  187(1,  annoanoed 
that  the  retina  of  all  vertebrated  animals  possessed  a  purplish 
color,  which  faded  in  the  light,  but  which  darkness  tvstored. 
He  wmcluded  that  the  ctilor  must  l>e  laigely  conoeme*!  in  th« 
act  of  vision.' 

The  subsequent  experiments  of  Kfthne  upon  this  subject 
»eem  to  have  partially  verified  this  discovery,  hot  exactly  whal 

Yorh  Unl.  Juiir."  (I>«in«nh«r.  1K)*0|,  is  irhtdi  llt«  pb.niokMrinl  wtba  of  th*  Mwrf  ^Miyll 
«M  dicnwwd ;  lu  fonctlM  U  hm  MM«<1  to  Ur »  ^iUW  JtimiiJ  aw,  dMl^Md  H  mtim. 
immMi  tMoa  to  AjAmf  ikftfm  ^  lyAl,  <iaet  h  h  gapaM*  of  chai^l^  a«d  1 1  jilal^  ■■ 
orlKlMl  coke  «hM  rimmMMDcn  dmwrf  li  (aa  taMMlit  «l  ^t«  or  w  anmM*  W 
ilttkMa  «MdB«  rapid  dtaM  apM  \\\ 


s  function  is  may  yet  be  considered  a  subject  of  investiga- 
A  prominent  author  says  of  this  matter :  "  It  is  very 
r  tempting  to  conneet  this  visual  purple  with  culor  visiun  :  but 


Me  rtHna  anlh  Ihf  tu 

,  I,  Uyer  of  rods  ind  cone*;  2,  rods;  3,  ponas;  4,  4.  6.  0,  eilemsl  graniiln  layer i 
7,  lnl«F-i;niDulG  Infer  (conc-Rber  plE'iim)  i  ft,  iaMrniit  granule  Ujer;  9,  10,  finely 
(n«nuUr~'grBT  layer;  11.  Ia>cr  of  nerve  cells;  la,  12,  IS,  13,  M,' 14,  fibers  of  Uie 
nptic  nerre  ;  13.  membniDU  llmttans. 

I,  1,  X,  8,  rods  und  ooDe«,  front  rle» ;  4,  K,  6.  rode,  side  view ;  T,  7,  S,  6,  eel 
the  ciiernul  uid  internal  f^nnule  laiers ;  R,  cell,  connected  b;  >  filament  vlth  sub- 
vuml  celts;  10,  13,  nerve  cells,  connected  irith  cells  of  the  ^nale  Isjent:  11,  SI. 

fll«nicnt»  connecting  collfl  of  ihe  eitern«l  »n<l  mternil  (traaule  Uyera  (13  ' '  ~ 

ihe  fleurvl:  14,  IB,  IS,  17,  IS,  19.  SO,  !S,  28,  24,  25.  SS,  a  rod  and  i 
nedcd  with  itie  eells  of  Ihe  granule  larer-B,  (rilh  the  uervc  ei'llti,  and  <ril 


FP  know  that  onr  color  vision  is  most  exai^t  in  theybwa  cen- 
W'<dis,  where  the  retina  consists  of  cones  alone,  which  are  des- 
Btnte  of  this  visual  purple." ' 


While  no  positive  statements  can  as  yet  he  made  aa  to 
function  of  that  layer  of  the  retina  known  as  "the  rods  and 
cones  of  Jacob,"  still  authorities  seem  inclined  to  attribute  In 
the  canes,  i-ather  than  to  the  rods,  the  power  of  perceiring 
color.  It  is  known  that  these  cones  are  absent  in  the  ledm 
of  nocturnal  animals  ;  while,  in  the  eyes  of  birds  and  reptiles. 
globules  containing  color  are  found  within  the  cones.  Morv 
over,  the  "fovea  centralis"  in  the  human  eye  is  destitute  of 
rods. 

To  explain  our  pen^ption  of  color,  the  hypothesis  was  first 
made  by  Young  that  there  existed  in  the  retina  the  poww  of 
perceiving  three  distinct  color  sensations,  which,  being  pans 
of  the  spectroio,  could,  by  a  proper  admixture  of  certain  pn>- 
|X>rtions  of  each,  produce  white ;  he  further  supposed  tliai 
there  existed  three  distinct  sets  of  nerve  flhers,  each  set  bein^ 
sensitive  to  a  primary  color  sensation,  viz.,  to  wave  lenf^hs 
of  a  certain  length.  Helraholtz  has  done  much  to  bring  this 
theory  to  notice,  so  that  the  theory  is  known  now  as  iht* 
"  Young- Helmholtz  theory,"  rather  than  by  the  name  of  th* 
originator  of  the  hypothesis  alone.  The  fact  that  the  nnK>t 
careful  microscopical  examinations  of  the  retina  fail  lo  dis- 
cover the  existence  of  sets  of  fibers,  which  differ  in  their  aiia- 
tomical  construction,  seems  to  place  this  theory  rather  on  th* 
basis  of  a  pretty  hyjiothesis  than  that  of  an  acknowledgei) 
fact. 

Bering  and  Aubert '  have  discarded  the  Yonng-Uelmhultz 
theory,  however,  and  have  attempted  to  explain  the  percep- 
tion of  color  by  a  process  of  disiiiiegrntimi,  in  one  8et  ■>! 
colors,  and,  in  another,  by  a  process  of  assimil/ition  of  i 
property  of  the  retina,  which  is  denominated  "r/*«rt/  *ufr- 
stance.'' 

All  persons  vary  much  in  their  power  of  diMcrimlnalin^ 
and  api)reciatinK  color ;'  but  only  those  can  properly  be  suid 
to  be  "color  blind  "  who  regard  colors  an  similar  which  lo 
t  people  would  be  glaringly  distinct.     Thus.  n*d  and  grtvn 


PhrwoloKT"  iBalT'i  ndilion), 
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are  commonly  mistaken  fi>r  ejich  other;  while  pnrple  an«I 
blue,  red  aud  brown,  and  brown  and  green,  are  often  detected 
from  one  another  with  difficulty,  if  at  all.' 

APrAKENT    VISIOS    OF    OBJECTS    NOT    REALLY   SEEN. 

Any  stimnlation  of  the  optic  nerve  or  of  the  retina,  if  sulE- 
i'iently  intense,  may  give  rise  to  certain  sensations,  which  at^ 
mistaken  for  actual  vision.  As  examples  of  this  fact,  n  blow 
in  the  eye  or  on  the  back  of  the  skull  will  often  make  lh« 
injured  person  '*see  stars"  or  have  Hashes  of  light  apparently 
cross  the  field  of  vision. 

Poster' mentions  a  case,  where,  by  a  voluntarj'  compres- 
sion of  the  eyeball  by  the  orbicularis  palpeliramm  museK 
gorgeous  visions  of  flowers  and  landscapes  could  be  prodnced. 

EFFECT  OF  OPTIC  NERVE  ON   COSKD  I  NATION. 

The  optic  nerve  may  become  a  means  of  vertigo,  when 
objects  are  caused  to  pa.ss  rapidly  before  the  field  of  viHJan. 
as  in  viewing  a  waterfall,  being  rapidly  whirled,  etc.  This 
subject,  however,  will  be  more  fully  considered.  tt"ith  points 
of  interest  pertaining  to  the  audit^iry  nerve,  since  Meniere's 
malady  is  more  often  dependent  upon  disease  of  the  acoaitic 
api>aratus, 

Gollz'  has  shown,  by  eKi)eriments  ujwn  birds  whose  heads 
were  artificially  secnred  in  an  abnormal  position,  that  ther  at 
once  become  incapable  of  orderly  flight,  thus  further  confirm 
ing  the  apimrent  connection  between  the  special  sense  of  sight 
and  those  mnscnlar  movements  which  require  the  exerrise  iif 
the  power  of  coordination. 

EFFECT  OF  THE  OPTIC   NEKVE  ON  THE  L4CIJBTMAL  APPARATl-ft. 

The  contrmition  of  the  orbicularis  muscle  tends  to  press 
the  tears,  which  the  la^-hrj-mal  canals  contain,  onward  toward 
the  nasal  dtict ;  and  they  dilate  to  receive  a  fresh  quantity 
during  the  relaxation  of  this  muscle.     Tlius  the  act  of  tcink' 

'  T»jW»  "  Scirniiap  Muoaln."  '  lip.  tril. 

•  PflOsar'a  "Alrhk."  ISTa.  u  'iuul«l  by  KuM^r. 
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nff,  which  usually  precedes  any  special  attempt  to  see  with 
istinctDess,  by  calling  the  orbicularis  palpebrarum  mu3cle 

Jito  play,  assists  in  cleansing  the  f  ye  of  any  excess  of  teare. 

St  has  been  stuted  by  Demtschenko,'  that,  duiing  the  closure 

'  the  eyelid,  a  peculiar  arrangement  of  the  muscular  fibers 

lends  to  keep  the  lachrymal  canals  opeu,  and  thus  to  act  as 
1  aid  to  the  orbicularis  muscle  in  its  mechanical  effect.     In 


0. — Laehrymal  and  MeUicjnia 


L  1,  inlernol  vr»!l  of  the  orbit ;  S,  2,  internal  portion 
3,  uuchlnenl  of  thin  muscle  (o  tbe  orbit ;  4.  o 
■rt«[7 ;  6,  muHcle  of  Homer ;  6,  0,  pusti^riur  surface  of  the  cyelMa,  wiib  Ihe  Hejbo. 


I  fflandn.     (Sappej.) 
of  the  orbicularis  palpebrsnun 
iBce  for  tbu  pasange  of  the  n 


),  laclirpnal  gland  atid  ducts;  II,  11,  OptinJDg*  of  tile 


Edition  to  this  anatomical  device,  the  alternating  i)re8sure 
0f  the  tendo  octiU  upon  the  lachrymal  sac  tends  to  a^-t  as  a 
pomp,  and  thus  to  di-aw  the  teai-s  from  the  globe  of  the  eye." 
The  How  i)f  tears,  while  constant  in  a  state  of  health,  may 
J  greatly  increased  by  a  reflex  act.     Such  exciting  causes  as 
i  stimulation  of  the  nasal  mucous  membrane,  the  conjunc- 
tival the  optic  nerve,  and  the  tongue,  and,  more  forcibly,  the 
iffect  of  the  emotions,  are  commonly  perceived.      It  is  said 
lat  venous  congestimi  of  the  head  is  fi'equently  manifested 
r  an  excessive  production  of  tears.'    The  different  efferent 

'  noftman  und  Schwald's  '■  BerichI,"  1 873. 

'  Darling  and  Bnnncy,  "  Esscntiala  of  Anatomy,"  JBSO. 

'  Hicb.  Foster,  op.  til. 
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nerves,  which  exert  a  controlling  influence  upon  the  Ischr;- 
mal  apparatDS  in  response  to  the  exciting  causes  above  men- 
tioned, include  the  hichrj-nud  and  orbital  branches  of  the  fiftli 
cranial  ner\'e  and  filaments  of  the  cervical  sympathetic' 

Many  of  the  facts  pertaining  to  the  optic  nerve  may,  by 
the  skillful  physician,  be  made  useful  in  his  daily  practice  as 
guides  to  diagnosis ;  while  others  are  given  as  ex|)laiiations 
of  many  phenomena  which  often  occa- 
sion alaiTn  to  those  not  familiar  with  the 
mechanism  of  their  production. 


Tbe  optic  nene  has  of  late  acquired 

an  importance  to  the  oculist,  which  is 

based  npon  the  physiological  distrihntioD 

of  the  nerve,  but  which  has  to  the  spe- 

cialist    more    than  a  theoretical  value, 

flu.   n-—ijichriimai  CO-    sjnce,  by   means  of  the  knowledge  af- 

amttui^i^^o^t   forded,  the  diagnosis  of  the  exittmee<^ 

«U'*"(B.p^'r  '"'^     cranial  tumors  pressing  npon  the  nerve, 

1,  ■alls  of  ihe  iMhvjni*!    <*>■  "f  ^^™^  pressure  from  infinmmatory 

S1^u^  "a'^a' V»ii»    ^^ud^if'on^,  may  be  not  only  positively 

«f  thv  l»chiTn 


prcMDtinj:      ilfliORt 

tolllil     0[      Ibo     ID11COII 

Rumbntic ;  S,  ■  giml 
lar  folil  IwIoD^ug  l< 
the  tiMti  mucous  meiu 


made  out,  but  the  exact  situatiou  of  ifae 
pressure  often  determined. 

The  hypotheses  of  Wollaston  and 
Mayo  have  lieen  so  far  confirmed  by  hiter 
investigators,  that  it  may  now  (»>  quite 
jjositively  staled  that  the  exact  hdfj'ot  each  retina  derives  its 
power  of  vision  from  one  optic  tract,  and  the  other  half  from 
the  opiK>site  tract.  It  has  I>een  proven  that  the  longUudijial 
fibers  of  each  optic  tract  supply  the  sense  of  vision  to  the 
outer  or  temporal  sklf  of  each  retina,  and  tiiat  the  dfcuasaJ' 
ing  fibers  of  each  optic  tnict  supi)ly  the  inner  or  nasal  side 
of  each  retina.  'WTien,  therefore,  tlie  optic  tract  of  either  aide 
is  pressed  uiH)n.  so  as  to  affect  the  entire  thickness  of  the 

■  Sm  MptritDtsU  q[  Bvrmutcbi,  Woiron.  Rcidi,  uul  othen. 
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nerve,  and  thus  to  interfere  with  the  action  of  all  the  fibers 
which  that  tract  contains,  the  temporal  side  of  the  retina  of 
that  eye  which  corresponds  to  the  optic  tract  affected  and 
the  nasal  side  of  the  retina  of  the  opposite  eye  will  be  rendered 
blind,  or  wiU  be  impaired  in  exact  proportion  to  the  pressure 
exerted  upon  the  optic  tract.  Blindness  of  the  lateral  half  of 
the  retina  of  either  eye  is  termed  "  hemiopia"  or  "  hemian- 
opsia" ;  and  this  condition  may  affect,  1,  both  eyes  simi- 
larly ;  2,  both  eyes  diametrically  ;  and  3,  either  eye  alone. 

When  either  eye  is  alone  affected  with  blindness  of  one 
half  of  the  retina,  it  indicates  that  the  optic  nerve  is  pressed 
upon,  or  otherwise  impaired,  at  a  point  situated  in  front  of 
the  optic  chiasTP, ;  since,  if  the  optic  tract  were  the  seat  of  the 
existing  trouble,  both  eyes  would  be  affected,  as  it  would  be 
almost  impossible  for  the  pressure  to  affect  the  longitudinal 
fibers,  and  still  leave  the  decussating  fibers  of  the  tract  unin- 
jured, or  vice  versa.  With  this  as  a  starting  point  in  the 
diagnosis,  we  determine  which  half  of  the  eye  is  blind,  know- 
ing that,  if  the  nasal  side  be  the  one  where  vision  is  lost, 
the  pressure  must  be  on  the  inner  side  of  the  nerve,  and,  if 
the  outer  or  temporal  side  be  blind,  that  the  outer  side  of  the 
nerve  is  the  seat  of  the  disease  which  is  causing  the  pressure. 
Should  both  sides  of  one  eye  be  rendered  blind,  and  no  local 
cause  within  the  eye  be  found  to  exist,  then  the  existence  of 
pressure  anterior  to  the  optic  chiasm,  of  such  a  character  that 
the  entire  nerve  is  destroyed  or  impaired,  may  safely  be  diag- 
nosed. 

Total  amaurosis  of  one  eye  is  frequent  evidence  of  glioma 
or  sarcoma  within  the  orbit,  as  they  are  the  two  forms  of 
tumors  which  most  frequently  affect  that  region  ;  and  the 
diagnosis  of  the  presence  of  this  cause  will  probably  be  con- 
firmed, in  case  it  exists,  by  symptoms  referable  to  paralysis  of 
some  of  the  muscles  of  the  eye,  since  the  same  pressure  will 
be  also  likely  to  affect  either  the  third,  fourth,  or  sixth  nerves. 

The  most  common  form   of   ''hemianopsia'"  met  with, 

*  A  synonym  for  hemiopia  in  its  generally  accepted  sense,  but  a  better  term,  since  it 
means  blindness  of  half  of  the  retina,  while  the  former  means  only  half  vision. 
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as  the  i-esuH  of  the  pressui-e  of  cranial  tumors,  is  where  the 
temporal  half  of  one  eye  and  the  nasal  half  of  the  opposit-^ 
eye  ai-e  rendei-ed  blind.  This  clinical  fact  is  sui)portad  by  the 
anatomical  disti-ibntion  of  the  fibers  of  the  optic  tract,  which, 
as  before  stated,  supply  the  temporal  side  of  the  eye  of  tlie 
same  side  and  the  na^  side  of  the  eye  of  the  side  ojiposile. 
When  this  condition  is  met,  we  know,  therefore,  that  tlw 
optic  trad  must  be  pressed  iijwn,  and  tliat  the  pressure  i» 
being  exerted  upon  the  side  corresponding  with  the  eye  which 
is  blind  in  its  temp(}ral  or  outer  half. 

In  those  uncommon  cases  whei-e  the  inner  or  /laaal  ha^vt 
each  retina  is  deprived  of  aight,  the  existence  of  pressure  at 
the  anterior  or  posterior  portions  of  the  optic  chiaam  may  be 
diagnosed,  sini?«  the  decussating  fibers  of  each  optic  tmcl 
cross  each  other  at  these  points  only ;  and  the  nasal  nide  <d 
each  eye  being  affected  proves  that  the  decussating  fibers  of 
ea*b  tKwt  must  be  aimultaneously  pressed  upon,  without  any 
disturbance  of  the  longitudinal  fibers. 

In  those  cases  where  the  outer  or  temporal  sidrs  of  IkhIi 
retinse  exhibit  endencea  of  pressure  from  some  cause  within 
the  cranium,  the  explanation  of  the  njechanLsm  of  its  produc 
tion  has,  until  of  late,  been  involved  in  obscurity ;  but  it  U 
now  explained  by  a  curious  anatomical  relation  Iwtween  the 
internal  can)tid  arteries  (as  they  assist  to  form  "  the  circle  »tf 
Willis")  and  the  optic  nerve.'  It  will  be  observed,  by  refer- 
ence to  the  ]>Iates  of  your  anatomy,  that  the  anterior  commv- 
nicaiing  artery  jmsses  underneath  the  <iptic  nerves  and  in 
front  of  the  chiasm,  wliile  the  main  trunks  of  the  <^amtid 
arteries  are  adjacent  to  the  chiasm,  and  curl  tmtwani  from 
nearly  its  central  jjoint  toward  its  outer  edge.  Xow,  in  srnlle 
dt^gnieration  of  the  vessels,  the  atheromatous  changes  in  the 
arterial  coats  tend  to  destroy  the  elasticity  of  the  re.<uiels,  and 
to  either  shorten  them,  or  to  render  them  le.'w  elastic,  and 
thus,  In  this  region,  the  arteries  act  as  a  gathering  Mring 
around  the  nptir  chiasm,  and,  by  pressing  uj)on  the  outer  por- 
tion of  each  tract,  the  longitudinal  fibers  of  each  tmct  are 

'  Ad  cxpbnatlaa  original,  I  beUer*,  Hi'rli  Puitcmur  H.  Kiupp,  of  tUt  dly. 
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imi)aired,  while  the  decussating  fibers  of  each  tract  are  not 
injured,  thus  accounting  for  the  blindness  of  the  temporal 
half  of  each  retina.  * 


'm^^^ 


FlO.  42. — A,  LonffUudinal  fibers  of  the  optic  tract  (colored  red  on  chart) ;  B,  DeeusacU- 
ing  fibers  of  optic  tract  (colored  blue  ou  chart) ;  C,  Optic  Chiasm  ;  D,  Rdina 
(showing  nenre  distribution  to  each  half) ;  E,  Optic  Nerves ;  F,  Optic  TVacts  ; 
a' — b',  region  where  pressure  may  produce  *'  hemianopsia  "  or  *'  total  amaurosis  **  of 
one  eye;  k' — d,'  region  where  pressure  will  result  in  "hemianopsia"  of  opposite 
halves  of  the  retina  of  both  eyes ;  c' — c',  region  where  the  constriction  of  the  ves- 
sels of  the  "  circle  of  Willis  "  will  produce  "  hemianopsia  "  of  iemporcd  half  of  the 
retina  of  both  eyes ;  b'  or  C,  special  localities  where  "  hemianopsia "  of  the  nasal 
half  of  the  retina  of  both  eyes  will  ensue  from  pressure;  C  c\  b  c',  region  which 
must  be  entirely  destroyed  by  pressure  to  produce  total  amaurom  of  both  eyes. 

If  you  will  look  at  the  diagrammatic  picture  which  I  now 
show  you,  it  will  enable  you,  perhaps,  to  better  understand 
the  mechanical  explanations  of  the  various  conditions  which 
may  result  from  pressure  upon  the  optic  tracts,  or  upon  the 
optic  nerves,  if  in  front  of  the  chiasm.  You  will  perceive  that 
the  longitudinal  fibers  of  each  tmct,  which  I  have  colored 
red,*  if  traced  to  their  distribution,  supply  the  outer  half  of 
the  eye  of  the  same  side,  while  the  decussating  fibers  of  each 
tract,  which  I  have  colored  blue,*  pass  to  the  inner  or  nasal 

'  It  might  be  possible  for  two  tumors,  each  so  situated  as  to  affect  the  outer  side  only 
of  each  optic  tract,  to  produce  this  condition ;  but  the  probability  of  such  a  condition 
ever  existing  in  any  special  case  would  be  extremely  small. 

'  Shaded  dark  in  figure,  but  colored  for  class  demonstration. 

'  Not  colored  in  plate,  but  represented  by  decussating  lines.  The  presence  of  color 
for  demoDBtration  to  large  classes  is  oftentimes  of  great  assistance. 
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side  of  the  opposite  eye.  You  can.  therefoi-e,  see  the  reASon 
for  the  following  summary  of  the  guides  afforded  by  partial 
blindness  of  the  retina,  in  making  a  diagnosis  of  the  sitnatko 
of  oranial  tumors. 

1.  Total  amaurosis  of  one  eye  indicates  pressure  between 
the  chiasm  and  the  eye  affected,  which  has  destroyed  the 
conducting  power  of  both  the  decussating  and  longitudimi 
fibers  of  the  ner^'e. 

2.  Total  amaurosis  of  b(4h  eyes  seldom  occurs  in  tumor;' 
but,  if  it  be  dependent  upon  a  tumor,  it  must  affect  the  chiasm 
it.self.  and  have  completely  destroyed  it. 

3.  A  loss  of  vision  in  the  nasal  half  of  both  eyes  indicatw 
the  existence  of  a  tumor,  either  in  front  of  or  behind  the  optic 
chiasm,  which  affects  only  the  decussating  fibers  of  each  tract. 

4.  A  loss  of  vision  in  the  nasal  half  of  one  eye  and  the 
temporal  half  of  the  other,  indicates  pressure  upon  the  optie 
tract  xx\Km  the  side  where  the  temporal  half  of  the  retina  i.i 
destroyed. 

5.  A  loss  of  vision  in  the  temporal  half  of  both  eyes  indi- 
catea  senile  degeneration  ot  the  vessels  forming  the  "  circle 
of  Willis."  which  are  creating  pressure  ui)on  the  outer  side  of 
each  of  the  optic  tracts. 

The  optic  nerve  may  be  the  guide  to  many  diseased  condi- 
tions of  parts  more  or  less  distant.  The  condition  of  hyper- 
asthesia  of  the  retina,  to  which  its  terminal  filaments  are  dis- 
tributed, may  be  indicative  of  congestive  diseases  of  the 
bniin  ;  of  the  development  of  cerebnil  tumors  ;  and  of  certain 
mental  diseases  {an  immiinently  shown  in  ecstasy,  hypo- 
chondria, etf. ).  It  also  i>ccur3  in  hj'steria.  chorea,  chronic 
alcoholism,  narcotism,  the  inhalations  of  certain  toxic  gases, 
etc.  It  may  frequently  be  the  evidence  of  some  local  cundl- 
tion  tif  the  optic  apparatus ;  hence  we  meet  it  in  raac«  irf 
congestive  and  inflammatory  conditions  of  the  retina ;  also 
where  an  excessive  amount  of  application  of  vision  has  been 
demanded,  in  disease  and  atrophy  of  the  nerve  itself,  and  in 
slight  compression  of  the  nene  from  local  causes. 

'  Thin  coiidiilon  U  mora  comnianly  Aae  tu  Htroiilij  uf  the  optic  nerre  Mid  W  ^Hocbk 
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When  the  optic  nerve  filaments  become  ancBsthetic^  sight 
is  impaired  in  the  exact  ratio  of  the  loss  of  sensibility ;  hence 
we  speak  of  the  condition  of  *"*"  amhlyopia^^^  when  the  sight  is 
partly  destroyed  by  this  condition,  and  of  "  amaurosis  "  when 
the  sight  is  entirely  destroyed. 

We  may  consider  a  loss  of  sensibility  of  the  optic  nerve 
filaments  as  a  symptom  of  the  gravest  import,  since  it  indi- 
cates either  some  disease  of  the  brain  or  some  advanced 
changes  of  the  nerve  itself.  The  hrain  conditions  which  are 
most  liable  to  produce  this  condition  are  as  follows :  neuro- 
retinitis,  which  may  follow  cerebral  haemorrhage,  cerebral 
softening.  Bright' s  disease,  lead  poisoning,  and  syphilis;  the 
various  forms  of  ataxia ;  cerebral  tumors ;  chronic  effusion 
into  the  ventricles ;  and  hysterical  cerebral  disorders. 

The  local  conditions  which  may  result  in  optic  anaesthesia 
include  inflammation  of  the  retina  and  the  adjoining  struc- 
tures ;  haemorrhage  into  the  retina ;  retinal  tumors  ;  the  com- 
pression of  glaucoma;  pressure  of  tumors,  in  the  orbit  or 
cranium,  upon  the  optic  tracts ;  thickening  of  the  meninges 
in  the  vicinity  of  the  optic  chiasm ;  and  traumatism. 

Atrophy  and  sclerosis  of  the  corpora  geniculata  may  result 
in  amaurosis  ;*  lesions  of  the  cerebellum '  may  be  accompanied 
by  symptoms  referable  to  the  optic  apparatus  (probably  on 
account  of  the  pressure  created  upon  adjoining  regions  of  the 
encephalon) ;  and  an  increase  of  intra-cranial  pressure,  from 
any  cause,  may  produce  retinal  changes. 

THE  THIRD  OR   "MOTOR  OCULI"   NERVE. 

This  nerve  has  its  apparent  origin  from  the  inner  harder  of 
the  crus  cerebri.  The  deep  origin  of  the  nerve  can,  however, 
be  traced  to  the  ''  locus  niger^^^  and  to  a  gray  nncleus  in  the 
flx>or  of  the  aqueduct  of  Sylvius^  slightly  below  the  tubercula 
quadrigemina. 

The  course  of  this  nerve,  after  it  escapes  from  the  brain,  is 
of  imjyortance,  from  the  relations  which  it  has  with  impor- 

'  See  p.  68  of  this  volume.  ^  See  p.  62  of  this  yolume. 
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tant  structures,  aud  from  the  physiological  phenomena  pro- 
duced by  it.  It  piei-ces  th**  dura  mater  opposite  to  rht-  an- 
tericrr  cliiiaid  processy  in  ordw 
to  reach  the  outer  wall  of  the 
cavemims  sinufi,  where  it  lies 
in  close  relation  with  the  fourth 
cranial  nerve,  and  the  ophthal- 
mic bninch  of  the  tifth  rrania! 
nerve,  being  above  them  botlu 
and  also  with  the  cavemoui* 
sinus,  which  lies  intemui  to  it. 
It  is  in  this  region  that  ih? 
nerve  is  joined  by  filaments 
from  the  cavemons  plexus  of 
the  sympathetic  system, 

The  nerve  now  passes  from 
the  cavity  of  the  cranium  by 

1,  iTHnk  of  Iht  motor  oetJi  comntmu ;  3,  r   .t.  j.  -^    j    £ 

lamor  ira^fh.-  3,  fiam,»u  »A«A    means  of  the  spAenoioal  Ju 

Ihii  branch  kmU  to  Ihe  miperior  ree' 
ami  ttu  levator  pt^p^ri  tupcnori*  ; 


a,  branth  ti 


brtHeh  to  tht  internal  n 

to  tht  in/trior  rrrt 

vifrriOT  Miqut  u 

mr  letttiealar  ganglion  ;  S,  m'>tor 

citerniw:  »,  BlwnenU  of  the  d 

gculi  extrrniu  tnulomueing  will 

(Tmpattietic:  lu,  nViary  nnim. 


««ri°,  having,  however,  divided 
into  two  branches,  before  ito 
escape,  called  the  snpenor  and 
inferior. 

In  tlie  sphenoidal  fissnpe. 
these  two  branches  are  placed 
between  the  tteo  heatis  of  the  external  rerliis  musclt;  of  the 
eyeball,  and  from  this  point  they  pass  onward  to  theJr  re- 
spective distributions,  viz.,  the  superior  branch  to  the  levator 
pali>ebrje  and  the  superior  rectus  muscles,  and  the  inferiitr 
branch  to  the  inferior  oblique,  the  inferior  rectus,  and  the  in- 
t»Tnal  i-ectus  muscles,  and,  by  a  small  filament,  funushin>;  the 
motor  root  to  the  ciliary  or  lenticular  ganglion  of  the  orbit. 

Tile  third  cranial  nerve  thus  supplies  nil  ({f  the  junaeies  of 
the  ff.v<t  h}d  two,  vii!.,  the  superior  obliijne  and  the  external 
rectus  muscles,  which  derive  their  motor  p<jwer,  re«i)ectirely. 
froni  the  fourth  aud  the  sixth  nen'es.  It  also  snppUe* 
tilanieul^  to  the  oi)hIhalmJc  ganglion  (wliich  is  also  called 
the  ciliary,   and  the  lenticular    ganglion),    which  fllameots 


130 


TUf:  riiANIAL  NE/tVSS. 


light  creates  a  movement  of  tlie  iris  of  the  unimpaired  eye. 
the  pupil  of  the  opposite  aide  also  resjjonds,  thus  showing 
that  reflex  action  is  possible  between  the  two  eyes. 

MECHANISH    OF  THE   CUNTKACTION    OF  THE    PCPIL. 

The  mechanism  of  the  reflex  act,  by  wliich  the  third  nenv 
is  enabled  to  so  affect  the  contraction  and  dilatation  of  tli^ 
pupil  as  to  have  its  vnryinj^  size  cfirrespond  exactly  to  the 
requirements  of  [I:-  n.^iint  of  lij^lii 


} 


Fia.  ^t.—CAoroiil  enal  o/  Ihr  --ije  .i»J  l/u-  rUiary  nirw.  {SKpjKj.) 
1,  optic  ncrrc  i  3,  a,  S,  2,  H,  3,  3,  4,  iclprotic  oaat,  dWMed  and  tumnl  bulc  la  slw*  Oa 
choroid ;  B.  S,  P,  B,  the  cornea,  ilirideil  Intn  four  portions  and  lumctl  badi :  fc  *. 
(«n*l  ot  SchUinuii ;  7,  ettem*!  mirfiicv  of  thv  ohonHd,  intveniHd  bj  tb«  dtluf  bcnn 
and  one  of  Ihv  Imiji  dllarjr  «rl«rt(M:  S,  wntrit  tmcfI  into  ithiofa  ufirn  th*  t*m  tivD- 
nwa;  9,9. 10,  lO.chondduini!;  11,  II,  dlioi'y  ocnvs;  li!,1ongciliai7artnyi  I).  It, 
IS,  lU,  MOtcriur  ciliarirBrtcri»;   U.iri*;  in,  IB,  vawular  clrrln  of  llie  itu  ;  14.  pu{iB 

necessary  for  j>erfe<"t  vision  at  all  times  and  nnder  nil  rirctim- 
stiincHS,  is  a  subject  of  interest  to  those  who  study  anatomy 
from  the  staiidi»oint  of  its  physidlofriciil  l>earings.  Tlie  optic 
nerve,  when  a  pei-son  conies  from  darkness  into  the  lijchi, 
perceives,  on  account  of  the  dilated  condition  of  the  papil. 
an  exr.e«s  of  light  which  at  once  compels  the  eye  to  nuitnen- 
tarily  close '.until  the  pupil  shall  become  ctmtracted.     Thi* 

'  A  rrSrx  act  produced  ilirough  the  nplic  uerre  npon  tlin  orblcalarii  palpebnn^ 
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sensation  of  over-stimulation  created  in  the  optic  nerve  by 
the  glare  of  light  entering  the  dilated  pupil  is  carried  back- 
ward to  the  brain,  and,  probably  in  the  region  of  the  aque- 
duct of  Sylvius,  creates  a  reflex  act  which  sends  motor  im- 
pulses along  the  fibers  of  the  third  nerve  to  the  iris,  by  means 
of  the  branch  to  the  ciliary  ganglion.  Thus  it  happens  that, 
when  the  eye  is  again  opened,  the  sensation  of  distress  in  the 
optic  nerve  is  no  longer  present,  and  the  pupil  is  found  U>  be 
contracted  in  a  direct  proportion  to  the  amount  of  light  which 
at  the  time  exists. 

REASONS   FOE  THE   PBCULIAB   DISTBIBUTION   OF  THE  THIRD    KEBVE. 

The  distribution  of  the  third  cranial  nerve  may  suggest 
to  the  inquiring  mind  the  following  questions:  "Why  does 


Fio.  40. — Plexm  of  ciliary  nma. — Ncrvetof  the  iris.     (After  Snpppj.) 
A,  choroid  ;  B,  iris  ;  I,  1,  1,  1,  dliary  nerves  dividiriK  at  their  teniiioal  oitremity  into  two 
or  more  brancheti.  which  aoBBtomoae  to  fonn  n  cireiilur  plexus  PiirrounilinK  the  F;reatGr 
cirL-umfereiice  of  the  iris;  2,  2,  plexus  formed  by  tliis  ftnastoniosis ;  3,  3,  ncrn's  of 
the  iris  originBtiDg  fram  this  plexus. 

Nature  use  three  nerves  to  control  the  movements  of  the  wix 
ocular  muscles,  when  she  could  have  used  one  nerve  to  accom- 
plish the  effect?  Why  are  the  internal  rectus,  the  inferior 
oblique,  and  the  inferior  rectus  suppHetl  from  onn  ncn-e 
source,  to  the  exclusion  of  the  external  mctus,  and  the  supe- 
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rior  obliqiie  muscles  \  Furthermore,  why  is  the  iris  supplied 
with  nei-ve  power  from  the  tliird  ner\-e,  and  not  also  from  the 
fourth  nerve  or  the  sixth  nerve  i '" 

As  waa  stated  in  tlie  intrmhictory  lecture  of  thia  course, 
when  touching  upon  the  distribntion  of  nerves  in  general,  Na- 
ture often  indicates,  by  the  distribution  of  the  nerves,  some 
valuable  liints  aa  to  the  physiology  of  the  parts  supplied 
by  each  nerve  filament;  and  such  questions,  aa  are  presup- 
posed above,  will,  if  constantly  asked  by  the  student  of  anat- 
omy, nft^n  enable  him,  by  close  study,  to  gain  not  only 
information  of  a  most  practicaJ  kind,  but  it  will  also  grrailly 
assist  him  t<i  retiun  in  his  memory  what  would  otherwise 
escape,  and  render  this  line  of  study  a  source  of  unceasinir 
pleasure  and  interest. 

It  is  evident,  when  a  glance  at  the  distribution  of  the  mo- 
tor oculi  nerve  is  taken,  that  it.  is  essentially  the  nenx  ttf 
accommodation  of  vision  for  objects  of  variable  distani'KS 
from  the  retina.  By  its  control  over  the  internal  muscles  of 
the  orbit,  the  eyes  can  be  moved  in  unison  in  their  endeavor 
to  focus  objects  simultaneously  upon  each  retina,  and  thtw  to 
gain  a  perception  of  the  solidity  of  objects,  which  can  not  he 
aflfonled  by  one  eye  alone.  It  is  a  fact,  which  perhaps  the 
reader  has  never  thought  of,  that  the  two  external  recti  mus- 
cles, or  tlie  two  superior  oblique  muscles,  are  seldom  odied 
into  simultaneous  action,  since  they  both  tend  to  caiiai* 
the  eye  U)  roll  outward,  and  thus  oppose  the  natural  move- 
ment of  the  two  eyes,  one  of  which  usually  moves  inward 
while  the  other  moves  outu^ard,  in  order  to  favor  the  peroei>- 
Hon  of  the  same  objects  by  the  retina  of  each  eye.  For  thht 
reason  alone,  it  would  be  impossible  that  these  two  mnscles 
of  each  orbit  should  be  sujipUed  from  the  same  nen"e  ns 
the  other  muscles,  since  they  could  not  i)o.ssibly  ai"t  in  har- 
mony witji  each  other.  Again,  the  superior  oblique  and  (he 
external  rectus  muscles  are  seldom  called  into  simultaneous 
action  except  in  oblique  movements  of  the  eye,  and  their 
actions  are  so  dissimilar  that  they  have  often  to  act  Ixith  with 
and  without  the  aid  of  the  other :  hence   two   nerves  (th« 
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fonrth  and  sixth)  are  furnished  so    that  each  muscle  can 
have  its  own  source  of  nerve  supply. 

The  distribution  of  the  third  nerve  to  the  iris  affords  a  still 
more  beautiful  example  of  the  con- 
stant efforts  of  Nature  to  bring  all 
parts  into  a  harmony  with  each  oth- 
er, and  by  the  simplest  means  at 
her  control.  It  has  been  mentioned, 
in  connection  with  the  optic  nerve, 
that  ^e  pupil  coniracts  as  the  eye 
is  drawn  inward,  and  also  in  at- 
tempts to  focus  near  objects  upon 
the  retina.  Now,  the  third  nerve 
is  the  nerve  by  which  not  only  is  '■  "p*'*' 
the  eye  drawn  inward,  but  it  is 
also  the  nerve  by  which  the  ciliary 
muscle  of  the  eye  is  enabled  to 
affect  the  conmxity  of  the  crystal- 
line lens  of  the  eye,  and  thus  to 
act  as  an  adjuster  of  the  focal  dis- 
tance of  objects  whose  images  fall 
upon  the  retina.  How  important 
it  is,  therefore,  that  the  pupil  which  is  so  essential  to  the 
proper  performance  of  vision,  since  it  controls  the  quantity 
of  light  admitted  to  the  retina,  should  be  placed  under  the 
same  nervous  control  as  the  muscles  of  accommodation  of 


Fio.  41. —  Ciliary  ttrrva,  eoartf 
— -" — iinatioK.   (After  S»ppej.) 

;rTc,  covered  by  iu  exier. 

'r  ligamentous  mTclope ; 
2,  optic  nerve,  covered  only  by 
its  proper  envelope  (aeurilem- 
ma);  3,  3,  Sclerotic,  or  fibrous 
envelope  of  tbe  eyeball :  4,  4, 
ine  \  S,  pupil ;  6,  H,  ciliarj 
uerves  penetrating  the  ticle- 
rolie  ;  7,  7,  nerves  pasaing  be. 
tween  sclerotic  and  cboraid ;  8, 
8,  pleiuB  reaiilcing  from  their 
aDaalomoees  ;  9,  9,  ramifieationa 
extending  from  thia  plexus  into 


MECHANISE   OP  THE   DILATATION   OF   THE    PUPIL. 

The  pupil  is  made  to  dilate  by  means  of  muscular  fibers, 
which  raiiiate  from  the  margin  of  the  pupil  toward  the  cir- 
cumference of  the  iris.  It  is  probable  that  these  tibers  are 
under  the  control  of  the  sympathetic  system  ot  nerves.'  If 
so,  it  must  be  observed  that  the  sympathetic  nen-es  have 
an  effect  upon  the  iris  directly-  opposite  to  that  which  it 
exercises  upon  the  blood-vessels,   since,  when  it  is  stimu- 


'  Experiments  of  Julius  Budge,  1851,  and  Augusti 
Pmria."     DiMOvered  by  Petit,  1712. 


Waller,  "  Gazette  Medicalc  de 
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lated,  the  pupils  are  dilated,  while  the  blood-vessels  are  con- 
tracted. 

Mosso '  has  endeavored  to  show  a  relation  between  the  tur- 
gescence  of  the  vessels  of  the  iris  and  the  extent  of  dilatation 
of  the  pupil  which  exists  at  the  same  time,  and  thus  to  avoid 


FlO.  48. — SfTlion  of  the  leni,  rfc,  ihoving  thr  rmcAaniiim  of  aerommodation.    (Flrk.) 
The  left  aide  of  the  liKure  {ft  shows  Ihc  lena  idapMd  to  Tision  atinfinile  diituion  ;  ibi 
ri|^t  aide  of  ihiTBguiv  (A~)  showa  the  lens  sdagiteil  to  the  ?kltm  of  neu-  abJMd^  Um 
dlutry  rousclc  being  contnctcd  and  Iha  siuipeui^oij  ligaiueut  of  the  lens  riiiiiw<[iiiiiillj 

the  apparent  inconsistency  in  the  effect  of  the  sympatlietif 
Ry8t<?m  upon  the  same  type  of  muscular  structure. 

Oehl  *  and  others  cljvim  that  the  sympathetic  fibers,  which 
art  in  antagonism  to  tliose  of  the  third  nerve  ujion  the  iris, 
are  not  derived  from  the  ophthalmic  ganglion,  but  a<!corapany 
the  ophthalmic  branch  of  the  fifth  cranial  nerve,  and  enter  the 
eye  with  ihe  long  ciliary  nerves  :  and  that,  when  these  sympa- 
thetic filaments  are  divided,  stimulation  of  the  main  sympa- 
thetic cflrds  no  longer  cjinses  dilatation  of  the  pupil.  He  thna 
ascribes  to  the  J?/YA  cranial  nerte  the  power  of  dilating  the 
pupil,  and  regards  the  Gaaserian  ganglion  as  the  source  ftom 
which  this  power  is  derived  from  the  sym pathetic  system. 

The  exi>eriments  of  Oehl  were  made  upon  dogs  and  rabbits, 
and  have  been  coufinned  liy  RosentliaL,  Hensen.  Volckers. 
and  Veli>eau.  The  effect  of  these  fibers  of  the  lifth  Uervu  is 
thought  by  the-se  observers  to  lie  dependent  uiwn  a  vaHi-mo- 
torial  influence  njion  the  blood  supply  of  the  iris. 


'  C.  p.  Houo.  Tnrin,  1970. 


■  Hcnip  nnd  UplBniFr'*  "  Bcricbt,"  IMl 
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Slight  oscillations  of  the  pupil  may  be  observed  to  occur 
synchronously  with  the  action  of  the  heart,  and  others,  also, 
with  the  respiratory  movements.  These  oscillations  have  been 
by  some  considered  as  an  evidence  that  the  movements  of  the 
pupil  were  the  result  of  alterations  in  its  vascularity,  the  iris 
contracting  when  its  vessels  are  filled,  and  dilating  when  its 
vessels  are  empty ;  but  the  physiological  fact  that  the  move- 
ments of  contraction  and  dilatation  of  the  pupil  are  noticed  in 
the  bloodless  eye  seems  to  point  to  some  other  agency  than 
simply  an  alteration  in  the  blood  supply.  * 

MOTIONS   OF  THE   EYEBALL. 

Since  the  third  nerve  is  distributed  to  all  of  the  muscles 
of  the  eyeball  but  two,  the  motions  of  the  eye  are  largely 
controlled  by  it ;  while  accommodation  of  vision  is  also  pro- 
duced by  its  distribution  to  the  ciliary  muscle.  Some  prac- 
tical facts  may  be  here  noted  respecting  the  movements  of 
the  eyeball,  which  have  not  only  a  general  interest,  but  a 
diagnostic  value. 

The  eye  is  virtually  a  ball  placed  in  a  socket,  the  orbit 

1  **  The  impairment  of  iritic  reflex  action  (*  pupillary  reflex  ^)  was  first  intelligently 
BtucUed  in  1869,  by  Dr.  Argyll  Robertson,  of  Edinburgh.  His  obsenrations  have  since 
been  abondantly  verified  by  numerous  observers,  and  an  exhaustive  paper  on  the  subject 
has  been  published  by  Professor  VV.  Erb,  of  Leipsic,  in  the  *  Archives  of  Medicine,'  Oc- 
tober, 1880.  Robertson,  and  others  after  him,  noticed  that  the  pupils  of  tabetic  patients 
did  not  dilate  in  the  shadow  and  contract  in  the  light,  as  do  normal  pupils,  and  they  fur- 
ther observed  that  during  the  effort  of  accommodation  there  occurred  a  normal  pupillary 
oootraction.  In  other  words,  the  reflex  iris  movements  were  abolished,  while  its  associa- 
ted qaasi-voluntary  movements  wei-c  preserved.  These  phenomena  may  be  observed  in 
almost  all  patients  suffering  from  posterior  spinal  sclerosis,  and  I  am  in  the  habit  of  call- 
ing the  attention  of  students  to  the  symptom.  In  two  of  the  patients  now  under  my  care 
this  condition  is  not  present,  but  there  have  been  cases  of  abnormal  sclerosis  In  which  all 
the  Sjrmptoms  appeared  in  a  most  irregular  manner.^'    (E.  C.  Seguin,  **  Med.  Record,"  1881.) 

*'  The  pupils  in  a  suspected  case  of  posterior-spinal  sclerosis  are  to  be  tested  in  the  fol- 
lowing manner :  the  patient  is  placed,  seated  or  standing,  facing  a  brightly  illuminated 
window,  and  told  to  keep  his  look  fixed  on  some  distant  object,  such  as  a  house  or  tree. 
By  alternately  closing  and  opening  the  lids,  or,  better,  by  shading  the  eyes  with  one's 
hand  momentarily,  it  is  easy  to  see  if  the  pupils  change  diameter.  It  is  of  the  utmost 
importance  that  the  patient's  intelligent  assistance  be  secured,  in  order  that  his  gaze  shall 
remain  adjusted  for  distance.  In  a  given  case  the  absence  of  reaction  to  light  having 
been  noted,  we  next  hold  up  one  finger  or  a  small  object  within  a  foot  of  the  patient's 
face,  and  bid  him  look  at  it.  At  once  the  pupils  contract,  and  do  so  in  proportion  to  the 
accommodative  effort  and  the  coincident  convergence.  When  the  patient  looks  at  the  dis- 
tant object,  and  relatively  or  absolutely  relaxes  his  accommodation,  the  pupils  dilate  again." 


THE  CRANIAL  NERVES. 


and  the  globe  forming  a  ball-and-sticket  joint.     In  it«  mob 
joint,  the  eye  is  capjible  of  a.  variety  of  movemenia  ;  but  it  can 
not^  by  any  voluntary  effort,  be  moved  out  of  its  socket.     By 
disease,  however,  the  position  of  the  eyeball  within  the  cavity 


f 


> 


Fiu.  4U. — ilutda  of  iht  tyrtijl.  (Sup|>o).J 
1,  ■[taohaieol  at  the  lendon  connected  <riih  Ihe  inrerior  rc«(uJi  tui< n, 
temal  rectue;  2.  eiteriml  rcctiu,  divided  and  turned  downwtrd  I"  ■  -> 
rectus ;  3,  iutomal  rectus;  t.  'iatet\at  rectos;  S,  superior  rectus i  ii,  i 
7,  pulley  vid  rpflocted  portion  of  the  BUpcrior  oblique ;  B,  inferior  ol 
pilpebne  flupcrioriB  1  in,  10,  middle  [xirtioa  of  the  levitor  polpebne  «> 


of  the  orbit  may  be  materially  altered.  By  pressure  on  the 
nerves  distributed  to  its  muscles,  paralysis  of  those  indiridaal 
musclea  may  result  which  are  supplied  by  the  affected  nerve, 
and  the  eye  may  thus  be  deflected  from  its  normal  poniiion 
by  the  other  muscles,  whose  motor  power  is  unimpairwl.  The 
analomicul  fact,  that  the  muscles  which  move  the  eyeball  di> 
rive  their  motor  power  from  three  sources,  \tz,  ;  the  third, 
fourth,  and  sixth  cranial  nerves,  may  oft^n  Ite  made  a  mean* 
of  determining  the  situation  of  abnormal  conditions  within 
the  orbit  or  cranial  cavity,  by  a  thoroufrh  familiarity  with  the 
points  of  origin  of  each  of  these  nerves,  and  the  rclattoiu 
which  each  l>t'ars  to  the  stirrounding  parts  throngfaont  the 
whole  length  of  itit  course. 


THE  MOVEMENTS  OF  THE  EYEBALL. 


187 


It  has  been  shown  by  Bonders  that,  though  we  can  move 
the  eye  in  almost  every  possible  variety  of  inclination,  we  can 
not,  by  a  noVu/ntary  effort,  rotate  the  eyeball  aronnd  its  longi- 
tudinal visoal  axis.  The  arrangement  of  the  muscles  of  the 
eyeball  would  seem  to  permit  of  such  a  movement,  but  we 
can  not  by  any  direct  effort  of  will  bring  it  about  by  itself, 
although  we  can  occasionally  produce  it  unconsciously  when 
we  endeavor  to  move  the  eyeballs  in  certain  special  directions. 

During  movements  of  the  head,  the  eyes,  if  directed  toward 
an  object,  may  be  kept  stationary  upon  that  object,  in  spite  of 
such  movements  of  the  head, '  very  much  as  the  needle  of  the 
ship's  compass  remains  stationary  when  the  ship  is  turned. 
By  this  wonderful  coordination  of  movement  steadiness  of 
vision  is  insured,  which  would  be  otherwise  impossible.* 


A  TABLE  SHOWING  THE  ACTION  OF  THE  OCULAE  MUSCLES. 

f  To  eiera«.  the  eye ^  Rectus  superior. 

(  Obliquus  inferior. 

To  depress  the  eye. \  ^^^*"»  inferior. 

(  Obliquus  superior. 


Straight  movements. 


Oblique  movements. 


Obliquus  superior. 
To  adduct  toward  the  nasal  side. . . .     Rectus  intemus. 
To  adduet  toward  the  malar  side. . .     Rectus  ezternus. 

(  Rectus  superior. 
To  eletate  and  adduct  the  eye }  Rectus  intemus. 

(  Obliquus  inferior. 
r  Rectus  inferior. 
To  depress  and  adduet  the  eye }  Rectus  intemus. 

V  Obliquus  superior. 
c  Rectus  superior. 
To  elef>ate  and  ahduet  the  eye )  Rectus  extemns. 

(  Obliquus  inferior. 
i  Rectus  inferior. 
To  depress  and  abduct  the  eye )  Rectus  externns. 

(  Obliquus  superior. 


In  the  accompanying  table,'  in  which  the  various  motions 
of  the  eye  are  enumerated,  and  the  combinations  of  muscles 
necessary  to  produce  each  of  these  individual  motions  are 
shown,  it  will  be  perceived  that  in  the  straight  deflections  of 

'  An  effect  due  chiefly  to  the  action  of  the  oblique  muscles  of  the  eye. 
•Mich.  Foster,  "Text-Book  of  Physiology." 
'  After  Mich.  Foster,  op,  eii. 


the  globe  of  the  eye  never  more  than  two  muscles  are  reqtii 
to  produce  them,  and  often  only  one ;  while,  in  the  oblique 
deflections  of  the  globe,  three  muscles  are  always  compelled 
to  work  in  jinison.  It  may  furthermore  he  stated  that,  to 
counterbalance  the  action  of  either  of  the  oblique  muscles  of 
the  eye,  two  muscles  are  always  required.  Suppose,  for  ex- 
ample, that  the  superior  oblicpie  muscle  of  the  orbit  was  para- 
lyzed from  pressure  upon  the  fourth  nerve,  the  eye  would 
then  be  drawn  downward  and  outward  only  by  the  comlnned 
action  of  the  external  and  inferior  recti  nniaclea,  although 
that  is  the  direct  line  of  action  of  the  muscle  paralyzed  ;  while, 
if  that  muscle  should  contract,  and  thus  displace  the  eye 
downward  and  outward,  the  antagonistic  muscles  would  be 
the  superior  and  internal  recti  muacles,  since  the  former 
would  tend  to  draw  the  eye  upward  and  inward,  while  the 
latter  would  also  assist  in  drawing  the  eye  inward. 

The  ability  to  move  either  of  the  eyes  indeiwudently  of  the 
other  is  possessed  by  very  few  individuals,  although,  in  rare 
cases,  such  a  power  is  present.  The  movements  of  the  eyo 
have  been  so  arranged  by  Nature  that  the  objects  seen  shall 
affect  the  corresponding  portions  of  each  of  the  two  retios,  in 
<trder  to  insure  single  vision ;  and,  for  that  reason,  the  two 
eyes  will  be  perceived  to  move  exactly  alike,  each  passing 
simultaneously  to  the  left  or  to  the  right,  tipwai-d  or  down- 
ward. 

It  is  evident,  therefore,  wlien  we  throw  into  action  the 
rectus  internus  of  one  eye,  that  we  use  the  rectus  extemns  of 
the  opiMJsite  eye.  and  vice  vei-sa,  in  case  the  object  to  be  fo- 
cused upon  the  retinas  lies  away  from  the  median  line  of  the 
head  ;  but,  if  it  lies  in  the  direct  line  of  vision,  but  so  clowe  to 
the  face  as  to  require  a  muscular  effort  to  focus  it  npon  the 
retinie,  then  the  two  internal  recti  muscles  are  called  info 
simultaneous  action.  Finally,  in  case  the  object  to  be  per- 
ceived lies  at  a  distance  from  the  eyes,  it  becomes  necessuy 
for  the  eyes  to  l>e  brought  into  nearly  a  con^ifmn  o/paraHe/' 
ism,  to  accomplish  which  the  two  external  recti  muscles  aw 
called  into  simultaneous  action. 
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Such  a  complex  coordination  of  movement  as  the  various 
I)ositions  of  the  eyes  demand  would  seem  to  indicate  that  a 
special  arrangement  had  been  made  within  the  component 
parts  of  the  brain  to  provide  for  its  control,  and  thus  insure 


Ktxt      T-stg^  r.tmi 
r.imf, 

Fio.  60. — Diagram  showing  the  ares  of  rotation  of  the  e^ebaU.    (After  Fick.) 

The  bitiek  lines  indicate  the  direction  of  the  power  applied  by  each  of  the  six  ocular  mus- 
cles. The  <iotted  lines  indicate  the  axis  of  rotation  of  the  eyeball.  The  axis  of  rota- 
tion for  the  rectus  extemus  and  rectus  intemus  muscles,  being  perpendicular  to  the 
page^  can  not  be  shown  in  the  diagram. 

that  harmony  which  is  absolutely  required.  The  exi)eriments 
of  Adamiik  '  tend  to  designate  the  tubercula  quadrigemina  as 
provided  with  distinct  centers,  which  control  certain  move- 
ments of  the  eyes.  Thus,  he  finds  in  the  nates  (the  upper 
portion  of  the  tvbercula  quadrigemina)  a  common  center'  for 
both  eyes,  stimulation  of  the  right  side  producing  movements 
of  both  eyes  to  the  left,  of  the  left  side,  movements  to  the 
right ;  while  stimulation  of  the  middle  line,  behind,  causes  a 

*  Quoted  by  Flint,  Foster,  and  others. 

'  For  details  concerning  this  center,  see  page  68  of  this  volume. 


downward  movement  of  both  eyes,  with  a  convergeuce  oi 
axes,  and,  if  made  in  front,  an  upward  movement  with  a  return 
to  parallelism,  both  of  which  effects  are  accompanied  by  the 
movements  of  the  pupil  naturally  aasociated  with  them. 

The  third  nerve  has  a  decided  importance  in  affording  dh 
one  means  of  determining  the  distance  of  objects  from  the 
retina?  which  perceive  them,  viz.,  the  muscular  sense.  It  has 
been  previously  stated  that,  in  order  to  perceive  near  objects, 
the  tTifernal  recti  and  the  ciliary  muscles  of  either  eye  are 
called  into  simultaneous  action,  and  we  soon  learn  to  tuicon- 
sciously  estimate  the  amount  of  muscular  ijower  required  to 
properly  adjust  the  eye  for  distinct  vision,  and  thus  to  nse 
the  third  nerve,  as  well  as  the  optic  nerve,  as  a  guide  to  the  ac- 
curate determination  of  distance. 


ALTERATION    OF  THE    POSITION    OF  TBE   HEAD    FROM    PABALT8I8   OP 
THE   OCl-LAB    MUaCLES, 

It  is  a  fact  well  known  'among  oculists,  and  one  which 
often  helps  them  materially  in  diagnosis,  that  the  defects 
of  vision,  occasioned  by  impairment  in  the  power  of  some  of 
the  muscles,  which  control  the  eyeball,  cause  the  patients  an- 
consciously  to  assume  a  posiii'on  of  the  head  which  tends  to 
iissist  them  in  the  use  of  the  affected  eye.  So  diagnostic  an- 
Bome  of  the  attitudes  assumed  by  this  class  of  afflicted  }>euplp, 
that  the  condition  which  exists  may  be  told  at  a  glance,  as 
the  patient  enters  a  room,  by  one  thoroughly  familiar  with 
the  diseases  of  this  impoi-taat  organ,  The  explanation  of  this 
tendency,  on  the  part  of  this  class  of  patients,  lies  in  the  fact 
that  any  loss  of  power  in  the  oimlur  muscles  immediately 
shows  itself  in  the  perception  of  every  object,  as  it  wero, 
doubled ;  and  it  is  to  o\'ei'come  these  doublf  images  that 
patients  almost  instantaneously  discover  their  ability  to  gel 
rid  of  the  annoyance  by  some  special  attitude,  which,  of 
course,  depends  upon  the  muscle  which  is  weakened  orpoim- 
lyzed. 

It  will  l)e  necessarj-,  in  order  to  make  you  clearly  under- 
stand the  mechanism  of  this  peculiarity,  that  the  tteparate 


ABNORMAL  ATTITUDE  FROM  OCULAR  PARESIS.        Ul 

action  of  the  six  muscles  which  directly  act  upon  the  globe  of 
the  eye  be  considered. 

The  action  of  each  of  the  ocular  muscles  may  be  given, 
then,  as  follows,  with  the  proviso  that  many  of  the  motions 
of  the  eye  are  not  the  result  of  the  contraction  of  any  single 
muscle,  but  often  of  a  number  acting  either  in  unison  or  suc- 
cessively. 

•The  superior  oblique  muscle  turns  the  eye  downward  and 
outward. 

The  inferior  oblique  muscle  turns  the  eye  upward  and 
outward. 

The  superior  rectus  muscle  turns  the  eye  upward  and 
inward. 

The  inferior  rectus  muscle  turns  the  eye  downward  and 
inward. 

The  iTvternaZ  rectus  muscle  turns  the  eye  directly  inward. 

The  eocternaZ  rectus  muscle  turns  the  eye  directly  outward. 

This  statement  as  to  the  above  muscles  reveals  nothing 
which  would  not  be  immediately  suggested  by  the  insertion 
of  each,  with  the  exception  of  the  superior  and  inferior  recti 
muscles,  which,  besides  the  action  which  their  situation 
would  naturally  suggest,  tend  also  to  draw  the  eyeball  in- 
wardj  on  account  of  the  obliquity  of  the  axis  of  the  orbit  and 
the  same  obliquity  of  the  muscles,  since  they  arise  at  the  apex 
of  the  orbit.  The  action  of  the  oblique  muscles  is,  as  any  one 
faiTniliar  with  their  origin  and  insertion  would  naturally  sur- 
mise, to  control  the  oblique  movements  of  the  eyeball. 

Now,  as  soon  as  any  one  of  these  six  muscles  becomes 
pressed  upon  and  weakened  by  the  presence  of  tumors,  in- 
flammatory exudation,  syphilis,  or  other  causes,  the  patient 
at  once  perceives  double  iinages^  and,  in  order  to  get  his  eye 
into  such  a  relative  position  with  that  of  the  healthy  side  as 
to  enable  them  both  to  focus  upon  the  same  object  in  a  natu- 
ral manner,  the  patient  soon  learns  to  so  move  his  head  as  to 
compel  the  two  eyes  to  look  in  parallel  directions. 

A  very  simple  rule  can  be  suggested  by  which  you  may  be 
enabled,  not  only  to  tell  in  what  direction  a  patient  would  move 


his  head  in  case  iiny  special  muscle  be  rendered  weak  or  ui 
ly  useless,  but  also  to  diagnose  the  muscle  affected,  when  you 
look  at  the  patient,  without  any  knowledge  of  iiis  history. 
The  rule  may  be  thus  stated  :  In  paresis  of  any  of  the.  ocu- 
lar muscles,  the  head  is  so  ducted  frmii  its  normal  posi- 
iiaa  that  the  chin  is  carried  in  a  direction  corresponding  to 
the  action  of  the  affected  mtiscle. 

Thus,  in  paresis  of  the  external  rectus,'  the  chin  would  lie 
rarried  outward  toward  the  injured  muscle;  while,  in  pareas 
of  the  internal  rectus  muscle,  the  head  would  be  turned  away 
fi-om  the  side  on  whicli  the  muscle  fails  t-o  act.  In  case  the 
sui^rior  oblique  muscle  is  impaii-ed,  the  chin  would  be  carried 
downward  and  outward ;  while,  in  the  case  of  the  inferior 
oblique  muscle,  the  chin  would  have  to  be  moved  upwatd 
and  outward  to  benetit  the  I'isiou  of  the  patient.  The  supe- 
rior and  inferior  i-ecti  muscles,  when  im])aired  by  disease  or 
other  causes,  would  likewise  create  a  deflection  of  the  head  in 
a  line  corresponding  t«  that  of  their  respective  actions. 

CLINICAL   POINTS  OF   INTEREST    PERTAINING    TO  THE   TUIHD    XSRTK. 

Paresis  of  the  external  and  internal  recti  muscles  canses,  in . 
addition  to  the  facts  already  described,  another  point  of  tery 
great  value  in  diagnosis,  viz.,  an  alterati<m  in  the  apparent 
size  of  the  objects  seen  from  what  they  would  be  in  health. 
The  condition  of  vision,  termed  by  oculists  "  m^ffakjfsia'"  ot 
" macropsia,^*  signifies  paresis  of  the  external  rectus;  while 
the  opposite  condition,  called  "  micropsia-,^''  indicates  loss  oi 
power  in  the  internal  rectus  muscle. 

In  the  former  of  thej*e  conditions,  the  objects  seen  by  the 
patient  .-^eem  to  be  greater  in  point  of  size  than  the  inteUlgence 
of  the  patient  assures  him  is  the  case ;  wliile,  in  the  lotta, 
objects  seem  smaller  to  the  jmtient  than  they  really  are. 

To  explain  to  yoo  just  how  these  variations  of  vision  we 

*  Whtlp  lbi<  Matenwat  •oulil  bv  alNwIulelj  Ini*  in  itioan  Id  all  cmhi,  x  taM 
tcknowloliic^.  u  ■  olinic^  lacl,  llist  p*.tieiil«  Ivura  lo  it/lrrly  iHtr^ffanl  the  imaga  Is  lk> 
affis^lul  cvr,  what  Uic  iitlmial  or  fjlmtal  rtrHu  it  tlic  tral  of  paren'iR,  anJ  to  lur  Ott  Mt^ 
mkl  tie  only  fur  the  purpova  of  riBion,  thiu  rcndoriog  this  ■ttiiude  of  tlui  head  1e**  dii(' 
noallo  thui  when  thi  iibli(|Ua  muMilw  are  affected. 
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accomplished  may  require  a  more  extended  discussion  of  the 
physiological  problems  of  vision  than  an  anatomical  discus- 
sion can  properly  deal  with ;  but,  to  understand  it,  you  must 
know  that  the  apparent  size  of  any  object  depends  upon 
the  ability  of  the  person  to  properly  and  accurately  appreci- 
ate the  angle  formed  between  rays  of  light  coming  from  the 
object  and  entering  the  pupils  of  each  eye,  or,  in  other  words, 
the  distance  at  which  the  object  is  placed  from  the  retina. 
Now,  in  the  case  of  paresis  of  the  external  rectus  muscle,  the 
object  is  caused  to  appear  nearer  to  the  eye  than  it  reaUy  is, 
and  thus  to  be  larger  than  normal  vision  would  cause  it  to 
seem,  since  the  angle  of  the  axes  of  vision  is  greater ;  while, 
in  case  of  the  paralysis  of  the  int -mal  oblique,  the  object  is 
apparently  much  farther  removed  from  the  eye  than  it  really 
is,  and  thus  the  intelligence  construes  it  as  of  smaller  size  than 
it  would  if  the  visual  i)erceptions  were  normal. 

There  is  only  one  other  condition  of  the  eye  where  the  size 
of  objects  i)erceived  by  the  retina  is  either  increased  or  mark- 
edly diminished,  if  the  actual  size  be  taken  as  a  standard  of 
measorement,  and  this  condition  is  one  of  inflammation  of  the 
choroid  coat  of  the  eye.  It  is  a  well-recognized  fact  that,  in 
the  effusive  form  of  choroiditis,  objects  are  perceived  as  much 
smaller  than  they  really  are,  while  in  cicatricial  choroiditis 
the  size  of  the  object  is  magnified. 

These  phenomena  can  not  be  explained  as  the  result  of  a 
change  in  the  angle  of  the  axis  of  vision,  since  nothing  exists 
to  disturb  the  perception  of  distance  ;  but  it  is  attributed  to  a 
seimration,  in  the  one  case,  and  to  an  aggregation  in  the 
other,  of  the  cones  of  the  retina. 

The  eye,  by  constant  use,  has  become  enabled  to  partly 
estimate  the  size  of  objects  by  the  numher  of  cones  in  the 
retina  which  are  covered  by  the  image  of  the  object.  Thus, 
when,  from  causes  such  as  have  been  mentioned  above,  the 
elements  of  the  retina  are  either  huddled  more  closely  to- 
gether by  a  cicatrix  of  the  choroid  coat  of  the  eye,  or  dissem- 
inated over  a  larger  spac^  than  they  normally  occupy  by  an 
effusion  of  the  choroid  coat,  the  numher  of  canes  covered  by 
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the  image  thrown  upon  the  retina  is  either  incn 
apparently  magnifying  the  size  of  the  object,  or  the  number  I 
of  cunes  affected  is  decreased,  and  thus  the  eize  of  the  object  I 
seen  is  apparently  diminished. 
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In  raaes  where  complete  blindness,  even  to  the  senMtWB 
of  light,  exixta,  as  sometimes  ooriini  in  amaurosis,'  tfaeejM 
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remain  fixed  and  immovable,  gazing  steadily  forward,  even 
when  objects  are  made  to  pass  before  the  vision ;  while  in 
cases  of  partial  blindness,  which  prevent  the  perception  of 
outline,  bnt  still  allow  of  the  perception  of  passing  objects 
between  the  light  and  the  retinae,  by  the  shadow  which  they 
throw,  the  eye  involuntarily  moves  in  a  dii'ection  which  cor- 
responds to  that  of  the  moving  object. 

Cases  in  which  the  third  nerve  has  been  impaired  by  pres- 
sure or  disease,  or  totally  destroyed  by  section,  are  character- 
ized by. a  &lling  of  the  upper  eyelid  over  the  pupil,*  and  an 
inability  to  raise  it,  owing  to  the  inaction  of  its  levator  mus- 
cle^ so  that  the  eye  api)ears  constantly  half  shut.  This  con- 
dition is  known  by  the  name  of  ''ptosis.^^  The  movements 
of  the  eyeball  are  also  nearly  suspended,  and  permanent  ex- 
ternal strabismus  takes  place,  owing  to  the  paralysis  of  the 
internal  rectus  muscle,  while  the  external  rectus,  animated  by 
a  difEsrent  nerve,  preserves  its  activity.  From  paralysis  of 
the  fibers  distributed  to  the  iris,  a  dilatation  of  the  pupil  is 
also  produced,  and  accommodation  of  the  injured  eye  for  near 
objects  is  no  longer  performed. 

While  the  upper  eyelid  is  partially  I'aised  by  the  levator 
palpebne  muscle,  which  is  supplied  by  the  third  nerve,  it  is 
also  raised  by  means  of  muscular  fibers,  which  are  governed 
by  the  cervical  sympathetic.  A  similar  set  of  fibers  exists  in 
the  lower  eyelid,  and  is  governed  by  the  same  nerves ;  and  it 
is  probably  through  the  infiuence  of  the  sympathetic  system 
that  the  eye  is  oi)ened.  In  the  act  of  winking,  where  the 
shutting  of  the  eye  is  usually  aflfected  more  rapidly  than  the 
opening,  a  contrast  is  afforded  between  the  action  of  the  cra- 
nial nerves  and  those  of  the  sympathetic,  since  closing  of  the 
eye  is  performed  by  the  facial  ner\^e.' 

External  strabismus  may  often  occur  without  the  condi- 
tion of  "ptosis"  being  present,  the  filament  to  the  levator 
palpebrse  muscle  not  being  afl'ected. 

When  all  the  muscles  supplied  by  the  third  nerve  are 

'  So  marked  ia  this  deformity  that  the  upper  lid  frequently  almost  touches  the 
lower  lid.  *  Mich.  Foster,  op,  cU. 


paralyzed,  the  globe  of  the  eye  is  slightly  protmded, 
I'elaxation  of  most  of  its  muscles. 

In  sirabismus,  or  squint,  an  optical  defect'  is  usually 
present.  So  large  is  the  percentage  of  oi)tieal  error  in  Cbose 
rases  where  the  eyes  turn  inward  toward  the  nose,  rhal  this 
condition  seldom  exists  without  an  accompanying  hyperopia 
or  far-sightedness,  due  to  a  diminution  of  the  anlero-posteriwr 
axis  of  the  eye  ;  while  in  external  squint,  where  the  eye  luoka 
away  from  the  nose,  the  opposite  condition  of  myopia,  or 
near-sightedness,  is  often  present,  but  perhaps  not  in  as  targe 
a  percentage  of  cases  as  in  the  opposite  deflection  of  the  eye. 
For  this  reason,  operations  are  often  of  little  benefit  when 
performed  for  the  relief  of  strabismus,  unless  the  error  in 
vision  is  accurately  determined  and  corrected  by  the  apprw 
priate  lenses. 

Dlt^BASEti   OF   THE   OCILAK    ML'SCLES    AND   THEIR   CAfSKi 

The  muscles  of  the  orbit  may  present  the  condltioDS  of 
spasm,  contracture,  motor  irritation,  or  paralysis. 

The  condition  of  "  nystagmus  "  is  characterized  by  clonir 
spasm  of  the  external  ocular  muscles,  and  by  jiecHliar  oscilla- 
tions or  involuntary  movements  of  the  organ.  It  is  always  a 
bilateral  affection,  and  its  starting-point,  according  lo  the  ex- 
periments of  Adamiik  and  Ferrier,'  seems  to  be  situated  within 

■  See  Hajnes  Walton,  SUll»»g,  bdiI  others.  la  Bpeakin;  of  iliis  optical  del<«i,d«f» 
dent  upon  simple  hyperopia,  Dr.  Loring  9117R,  in  an  artlclu  prevjonslf  quoUd  in  Atont 
ume:  "  1  haTe  known  boys  at  eight  or  icn  jvKn  of  ^e  to  beg  Ibrir  pMcota  t«  tM  Am 
undergo  the  pain  of  an  operation  to  riil  tbemeelvi's  of  a.  di'farniitj  which  nlbjccta  ibMKB 
often  10  the  unfocling  remarks  of  their  elders,  usubII;  triendi  of  Ibe  taroily,  u  wM  M 
the  uneuphonioua  but  cipreujve  litlca  bestowed  upon  then:  by  their  own  ooaWMpMarin 
of  gogglc^yc  and  cock.eya,  N'or  dova  this  cod  with  ehilitbood.  The  dctormily  b  •  d» 
ndvnnligo  to  bitn  ihrongh  life.  It  pursues  him  in  his  bu<iinc«e  and  in  hi*  prafaaba- 
Cheated  □(  (oature  b;  diiwimbiing  nature,  he  is  often  thought  to  bo  dluemiriing  hlnuwfl. 
when  nothing  is  further  from  his  Ihougbta.  How  often  do  we  hc«r  people  aa;  td  1 
whom  we  know  to  be  perfectly  upright  and  trustworthy,  Ihat  they  do 
he  never  looki  thcai  squarely  in  Ihi'  face!  And  ii  [a  a  T  ' 
is  tlut  (hi-  lesser  degrees  of  the  trouble  produce  ttie  nxMl  cllevt.  That ; 
whicli  people  compUin  su  much  of  Is  generally  due  to  a 

— ■  slizhi  convergence,  wbieli  is  never  very  conspicnoua.  and  ■!  times  unty  lo  In  < 
by  a  trained  eye,  but  which,  neverthclesi,  produce*  la  all  a  very  diaagrecmble  inpa 
alUiOiigfa  not  mariieil  enough  to  betray  its  eaune. 

'  See  page  68  of  tbia  lolume. 
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the  anterior  tubercula  quadrigemina.  It  may  be  produced  by 
causes  affecting  either  the  central  nerve  ganglia,  the  periphe- 
ral nerves,  the  refracting  media  of  the  eye,  or  the  retina.  We 
thus  find  it  existing  in  connection  with  meningitis,  hydro- 
cephalus, etc.,  in  uterine  diseases,  worms,  dentition,  caries 
of  the  teeth,  etc. ,  and  in  some  of  the  diseases  of  the  eye  or 
optic  nerve. 

Spasm  of  the^er^  of  the  iris  is  observed,  in  rare  cases,  to 
exist  in  connection  with  some  irritative  condition  of  the  cere- 
bro-spinal  system,  which  has  involved  the  cilio-spiTial  center 
of  the  spinal  cord.' 

By  coTitracture  of  a  muscle  is  meant  a  permanent  shorten- 
ing, in  contrast  to  its  temporary  shortening  when  under  the 
ordinary  influence  of  the  motor  stimulus.  It  occurs,  in  the 
ocular  group  of  muscles,  as  the  result  of  the  direct  irritation 
following  some  pathological  process,  at  a  seat  more  or  less 
distant  from  the  orbit ;  or  as  the  effect  of  prolonged  paralysis 
of  some  of  the  antagonistic  muscles. 

In  those  cerebral  and  spinal  conditions  in  which  convulsive 
attacks  are  produced,  and  in  attacks  of  hysteria,  the  evidences 
of  well-marked  motor  irritation  of  the  ocular  muscles  are 
often  observed. 

Paralysis  of  the  ocular  group  of  muscles  may  vary  in 
degree,  thus  constituting  either  paresis  or  true  paralysis ;  also 
in  extent,  thus  affecting  all  the  muscles  supplied  by  the  third 
nerve,  and  often  the  fourth  and  sixth  nerves  as  well,  or,  again, 
only  separate  muscles ;  and  finally  in  duration  and  its  sus- 
ceptibility to  treatment.  This  symptom  may  be  either  an 
initial  symptom,  or  a  complication  of  some  central  disease,  or 
the  result  of  i)eripheral  causes. 

Paralysis  of  the  muscles  supplied  by  the  third  nerve  is 
most  frequently  produced  by  the  following  causes  :  Circum- 
scribed meningeal  processes  at  the  base  of  the  skull ;  tu- 
mors, softening,  and  haemorrhage  of  the  cerebral  peduncles ; 
softening  and  haemorrhage  of  the  cerebral  ganglia ;   syphi- 

'  For  details  as  to  the  situation  and  function  of  this  center,  the  reader  is  referred  to 
fabsequent  pages  of  this  volume. 


lis  (afiFecting  the  cmoiaJ  or  orbital  cavity) ;  orbital  tamon ; 
diphtheria  ;  and,  finally,  aneurisms  of  the  carotid  (as  reported 
by  Lebert').  In  Xhe  deoelopnient  of  ataj^ia,  the  thinl  nerve 
may  become  paralyzed  simultaneously  with  other  nerves  of  (he 
cranium,  or,  possibly,  without  other  nerves  being  affected, 
and  the  same  condition  may  follow  the  prolonged  use  of  co- 
ninm  or  gelsemlum. 

When  the  paralysis  of  the  third  nerve  is  produced  by  intra- 
cranial lesions,  the  paralysis  is  liable  to  be  bilateral  or  to  tend 
toward  a  symmetrical  development  as  the  disejise  progresse-i ; 
while  the  fourth  and  sixth  nerves  are  often  subsequently  af- 
fected. There  am  also  other  symptoms,  of  great  valuu  in 
deciding  upon  the  existence  of  intra-cerebral  disease,  whicb 
may  be  present,  such  as  the  coexistence  of  cephalalgia,  rpr- 
tigo,  symptoms  of  nenro-retinitis,  disturbances  of  8ijee<'h  and 
of  the  intellectual  faculties,  convulsive  movements  of  a  local 
or  general  type,  a  sense  of  weight  in  the  limbs,  or,  possiblj, 
the  presence  of  paresis  or  paralysis  of  the  muscles  of  the 
extremities. 

"  A  very  large  projxjrtion  of  tabetic  patients  tell  of  past  ot 
present  diplopia,  and,  in  a  certain  number  of  cases,  the  ocular 
paralysis  precedes  the  pains  and  ataxia  by  several  years.  S" 
true  is  this  statement,  that  it  has  become  an  established  pnw- 
tice  with  neurologists  and  ophthalmologists  to  suspect  post*^ 
nor  spinal  sclerosis  in  adults  who  present  themselves  with 
strabismus,  diplopia,  or  ptosis.  In  such  a  case  we  should 
carefully  question  the  patient  about  the  occurrence  of  fulgu- 
rating iKiins,  and  test  the  pupillary  and  tendinous  reflexes.  I 
need  hardly  add  that  another  obligatory  line  of  inqoiiyio 
such  cases  is  with  reference  to  symptoms  uf  syiihilis,"  ' 

The  same  remarks  apply  to  atn>ijhy  of  the  nptio  nen*, 
which  is  occasionally  an  early  symptom. 

It  is  not  infrequent  for  lesions  <^  the  spinal  cord  to  pio- 
dace  paralysis  of  the  ocular  muscles.  The  presence  of  snch 
an  exciting  cause  may  be  surmised  by  the  coexistence  of  xagae 
neuralgias  in  the  branches  of  the  cervical  or  brachial  plexiUM^ 

'  Quoted  1)7  RoMDtlikl.  '  E.  V.  Stgiiin,  "  MnL  Bmonl."  >W1. 
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or  in  the  sciatic  nerves ;  of  abnormal  sensations  in  the  back, 
knees,  and  soles  of  the  feet ;  seminal  emissions,  frequent  or 
prolonged  erections,  or  diminished  sexual  power;  extreme 
sensitiveness  to  moisture  of  the  atmosphere  or  winds ;  a 
tendency  to  fatigue,  often  present  after  a  night's  repose; 
and  an  increase  in  the  galvano-excitability  of  the  main  nerve 
trunks. 

Paralysis  of  tlie  ocular  muscles  may  accompany  glosso- 
labio-pharyngeal  paralysis  (Duchenne's  disease'),  if  the  cen- 
ter for  the  movements  of  the  eye  be  affected  at  the  same  time 
as  the  centers  of  the  muscles  of  speech  and  deglutition ;  in 
this  case,  the  third  and  sixth  nenes  are  frequently  affected 
simultaneously.  The  same-  condition  of  the  ocular  muscles 
may  also  accompany  ataxic  symptoms  of  cerebral  origin. 

Kheumatism  may  produce  ocular  paralysis.  This  cause  is 
to  be  suspected  when  no  symptoms  exist  which  seem  to  point 
to  local  trouble  in  the  orbit  or  brain.  It  is  found  to  affect  the 
motor  oculi  and  the  abducens  nerves  more  frequently  than  the 
patheticus. 

Diplopia  and  strabismus  are  often  the  first  symptoms  of 
cei'ebral  diseases  or  ataxia,  since  they  may  appear  before  the 
other  parts  of  the  muscular  system  are  affected.  If  they  show, 
at  times,  a  tendency  toward  sj^ontaneous  retrogression,  and 
again  return  with  the  simultaneous  occurrence  of  neuralgic 
I)ain,  the  development  of  a  cerebral  lesion  is  rendered  still 
more  probable. 


THE  FOURTH  (TROCHLEAR  OR  PATHETIC)   NERVE. 

The  apparent  origin  of  this  nerve  is  from  the  superior 
peduncle  oftlie  cerebellum^  and  it  then  winds  around  it,  pass- 
ing close  to  the  posterior  border  of  the  jDons  Varolii.  The 
deep  origin  of  the  fibers  may  be  traced  to  four  different  sit- 
uations, as  follows :   1,  some  fibers  to  the  substance  of  the 

'  The  Bjrmptoms  of  this  condition  will  be  found  mentioned  in  more  detail  in  connec- 
tion with  the  hypo-glossal  nerve 
12 
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peduncle;  2,  other  flbera  to  the  vahe  of  Vieiisgens,  whCTe 
they  are  lost,  with  the  exception  of  a  few,  which  can  be  tracvd 
to  i\ie  frentduvi ;  3,  a  few  fibers  to  the  tubercula  quadrigt- 
mlna ;  4,  a  lai^e  bundle,  which  pass  inward  toward  the 
median  line  and  then  decussate  with  corresiKinding  fllamenlN 
of  the  opposite  side. 

Tliis  decussation  of  the  tibei-s  of  the  nerve  is  for  the  same 
physiological  reason,  as  was  mentioned  in  connection  with  the 
preceding  nerve,  viz.,  to  afford 
hnraiony  of  action  between 
tile  two  sides,  when  the  eyes 
are  compelled  to  remain  fixed 
upon  an  object  dining  move- 
nienls  of  the  head. 

From  the  point  of  appar- 
ent origin,  the  nerve  pnsws 
foi-wai-d  along  the  outer  v«U 
of  tlie  cavernous  sinun,  whw? 
it  lies  belmo  the  third  nrru 
and  aboFe  the  op^thalmif 
branch  of  tlie^YA  «rrK,Bii<I 
escapes  from  the  cavity  of  Uie 
cranium,  through  the  highest 


FlQ,  b2.—Dulri',ulion  of  Ihe  palhdiai*. 
(Hirtcbli'ld.) 
I.olfactorj'nenre;  11,  opik  Dprviw;  lit,  mo- 
lar Miili  ccnnrouDU ;  JV ,  palhrlieui,  btf  llu 

mdtoriA'ojJuhtUmubmncho/ihf/ijik.    ]Hirt  of  the  Sphenoidal  fiflsoie, 

tiHilpauitio  111  Iht  •Hiiriiu)'  Miuttt  muicU;      ,  ,  .  .     ,  ,  , 

Vi,nM>K.rix;ulic«ernm»;  I.  BBt.gll&u  of      mtO  the  CRVlty  Of  the  orhlt. 

.t^wiJ^JwiM^liitS'S         The  question  ot  the  hn> 
branches.  tion  of  tliis  uerve  resolves  It- 

self simply  into  the  mode  of  action  of  the  superior  obliqtu 
muscle.  This  muscle  arises  just  above  the  inner  niargin  «( 
the  optic  foramen,  and  pa.sses  forward  along  the  upper  wall 
of  the  orbit,  at  its  inner  angle,  to  a  little  cartilaginous  ring, 
which  serves  as  a  pulley  for  its  tendon.  Its  tendon  becomes 
miinded  just  before  it  passes  through  this  ring,  where  it  makes 
a  shaip  cun^e,  passes  outward  and  slightly  backward,  ami  be- 
comes sjtread  tmt,  to  be  attached  to  the  glol)e,  at  the  suju^rior 
and  external  jiart  of  its  jjosterior  hemisjjhei-e.  It  Is^  ihetv- 
fore,  the  dire<rt  antagonist  of  the  inferior  obbqu©  moscle. 
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In  its  function,  it  is  purely  a  motor  nerve,  but  it  receives 
a  few  recurrent  fibers  from  the  fifth  nerve,  which  are  sen- 
sory. 

When  this  nerve  is  paralyzed,  the  position  of  the  eye 
shows  no  apparent  change,  except  when  the  head  is  moved 
from  side  to  side,  in  which  case  the  eye  inoses  with  the  Jiead  ; 
the  absence  of  the  usual  eompensating  movement  of  the  eye. 
wliich  accompanies  all  the  movements  of  the  head,  being  de- 
stix»yed  in  consequence  of  the  paralysis  of  the  superior  oblique 
inus<'le,  which  greatly  assists  in  this  act.  The  patient  also 
sees  a  double  image,  whenever  attempts  are  made  to  look 
straight  foi*ward,  or  at  objects  situated  toward  the  paralyzed 
side ;  but  the  image  becomes  a  single  one  when  the  head  is 
turned  toward  the  sound  side  to  view  any  object ;  hence  this 
abnormality  of  attitude  of  the  head  is  usually  present." 


THE  TKIGEMINCS  OR  FIFTH  NEKVK. 

This  important  nerve  has  its  apparent  origin  within  the 
cranium  from  the  lateral  aspect  of  the^oTi*  Varolii,  although 
its  deep  fillers  have  been  traced  by  Lockhart  Clarke  to  two 
distinct  nuclei,  situated  in  the  floor  of  the  fourth  ventricle 
near  to  the  gray  tubercle  of  Rolando,'  It  is  a  mixed  nerve, 
,  having  a  distinct  viotor  and  sensory  root;  and  thus  pos- 
sesses both  afferent  fibers,  through  which  sensory  impres- 
sions are  transmitted  to  the  brain,  and  efferent  fibers,  by 
which  motor  impulses  are  transmitted  from  the  brain  to  the 
periphery  of  some  branches  of  the  ner\'e. 

The  intimate  relations  which  the  nerve  bears  with  the 
points  of  origin  of  the  sixth,  seventh,  eighth,  ninth,  tenth, 
eleventh,  and  twelfth  cranial  nen'es  in  iMe  floor  of  the  fourth 
ventricle  possildy  explain  many  of  those  phenomena  which 
are  considered  as  reflex  in  character,  and  whose  starting-point 

'  Pot  oilier  FiMnptea  of  ihU  iIUgnMtic  Rulclo  In  pamlj-ais  of  oculir  musclcB,  sec  pTK- 
Harnt  p«5eti  upon  the  itiril  crnninl  ncrTc. 

'  See  pagt's  which  rclsiB  lo  the  medulla  oblongata, 
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h 


seems  to  depend  upon  some  irritarion  of  the  fifth  nerve  by 
means  of  various  branches. 

The  two  roots  of  this  nerve  pass  forward,  side  by  side, 
as  far  as  tlie  petrous  portion  of  the  temporal  bone.  At  tliis 
point  a  marked  enlargement,  called  the  ganglion  of  Gasser,  is 
deveUiped  upon  the  sensori/  root;  and  subsequently  thisroui 


I 


Fia.  6».~0plnA^mie  <tinnoii  oj  l/ujijVi.  (DirachfclJ.) 
I,  ffaHfflian  0/  GnBer;  S.  opttlhalatU  dlruhtt  ofthefiflli  ;  i.taehrfmal  Immfti  ;  i,fMt^ 
brandi ;  S,  external  /rental;  8,  inlTmal  /rotital ;  7,  n^iraJroMtmr ;  8,  ■*• 
traaeh !  9,t^trnal  luual ;  10,  iiUemal  natal;  II,  snlcrlar  deep  lemnMsl  ■■**■ 
IS.miJilU  dwp  icmponti  nerTe;  13,  poitpriar  dpf|i  ti>ni)wra)  nerrc;  14,«*tgli*' 
tht  RuperflrUI  Ivmiwral  iienc;  19,  gnml  sniwrflcial  pi-ln>ii»  lu-rrv.  I  to  XIl,>«l* 
of  the  cnnikl  nervoj. 

divides  into  three  Uirge  n+rvona  trunks  ojilled.  resiJectivelr. 
the  ophthalmir,  the  sujierinr  maxillary,  and  the  inferior  max- 
illary nerves,  which  escape  fi-om  the  canty  of  the  enuiiniii 
through  different  foramina.'  The  motor  root  nocompatues  the 
inferior  maxillary  nen-e  until  it  has  e-scaped  from  the  craniam, 
when  it  unites  with  it. 


'  The  RpbcnnMnI  Am 


puHgc  for  thvH'  bniDclu-f  frutii  (hv  iTuilum. 


iniliim,  and  lontmcn  ot«le  loapccdTri;  •! 


■i 
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TABLE  OF  THE  DISTRIBUTION  OF  THE  FIFTH   CRANIAL  NERVE.' 


fa.  OPHTHAL- 
;     MIC  NERVE. 


b 

< 


r  ■  ^ 


^  (3)  Nasal  branch. 


h.  SUPERIOR 
MAXILLARY  ^ 
NERVE. 


In  the  sphcno-maxil- 
lary  fossa. 


c,  INFERIOR 
MAXILLARY -j 
NERVE. 


f(l)  Lachrymal  branch. 

r2^  Froxtal  branch  i  ^upiR^rbital  nerve. 
[)L)  J-ROSTAL  Drancn.  ^  i^upra .trochlear  nerve. 

r  Ganglionic  nerve  (to  ciliary  ganglion). 
Long  ciliary  nerves. 
Iiifra-troclilcnr  nerves. 
•  Internal  set.  To  septum  of  nose. 

( To     mucous     roem- 
Extemal  set.  -|      brane  and  integu- 

(     ment  of  nose. 

Orbital  or  Temporo-malar  ner\'e. 
Spheno-palatine  nerves  (to  MeckcPs  gan- 
glion). 

Posterior    dental  (  ^"P^^\*^''^    ^«^*^^ 
I      nerve  1      hranches. 

t  *  ( Deep  dental  branches. 

In  the  infya-orhiUd  \  . 
canal    '^  i  Anterior  dental  nerve. 

i  Palpebral  branches. 
On  the  face,  <  Nasal  branches. 

I  Labial  branches. 

(1)  Masseteric  branch. 

(2)  Deep  TEJiroRAL.  \  ^nterior  branch 
^  ''  {  Posterior  branch. 

(3)  Buccal  branch. 
/«\  T>«^^„«,,v  S  Internal  branch. 

'  (1)  AuRicuLO  -  tem-  j  Auricular. 
PORAL  NERVE.   {  Temporal. 
(2)  Gustatory  nerve. 

(Mylo-hyoid. 
Incisor. 
Mental. 
Dental. 


From    the    anterior 
trunk. 


From    the  posterior 
trunk. 


From  anatomical  points  which  have  been  mentioned,  and 
also  by  the  above  table,  the  fact  is  shown  that  the  ojDhthalmic 
and  the  superior  maxillary  nerves  possess  no  Tootor  power ^ 
while  the  inferior  maxillary  nerve  is  hoth  motor  and  sensory 
tn  its  function.  It  has  been  mentioned  in  previous  pages, 
however,  that  a  vaso-motorial  influence  is  possessed  by  the 
ophthalmic  nerve,  and  also  a  direct  power  of  dilating  the 
pupils ;  but  these  effects  are  unquestionably  dependent  upon 
filaments  given  to  it  by  the  sympathetic  nen  e. 

The  ultimate  distribution  of  the  three  branches  of  the  fifth 
nerve  may  possibly  be  made  more  clear  by  grouping  together 
the  efferent  and  afferent  fibers,  and  thus  separating  the  parts 


Copied  from  ** Essentials  of  Anatomy"  (Darling  and  Ranncy),  New  York,  1S80. 
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Fia.  H. — A  diagram  eftht  diJrUiu/ion  ofthefi/lh  noTf.' 
tbe  eita  tertiri  ;  !,  the  wiuiory  I'onf  ot  the  nerve;  3,  the  motor  mol  of  th»  nirrf ;  I, 
the  Otateriait  gaitfftion,  upon  the  sensory  root  only ;  B,  the  ophlhalmu  lurw,  F«"^ 
through  Ih?  aphencridal  finJure :  8,  the  wuprriar  mmiliary  hcitt,  piMing  ihrwefa  ihii 
forKtHDiv  rotundam,  to  cntct  the  apbcno-miiilUrj  to«M ;  7.  the  infrrior  muiUatt 
tterre,  puslng  through  the  rorancii  nvnlc  In  compntij  xith  the  motor  root,  ahM 
twon  join)  It ;  B,  a  fiUment  «eiit  hackwiud  froin  the  opUthtlmlc  nerie  V>  llie  InU- 
riumuercbelli;  9,K\u!  fmalitl  turM  :  10,  the /acApjmm' wnw  ;  II,  the  aaaat  nertt: 
12.  the  ttipraj>rbital  tterra,  pusing  through  Ihu  fununea  of  the  Munc  muoe  i  II,  iIh 
iHpraUi'fklrai-  nerrt;  H,  t\»c  huff  eitiarg  ntrFa  to  the  iria;  10,  lb«  /ni/inibr,  of 
ej/idf-y  ffaufjlian ;  ts,  the  lempar«-mtilar  nerw.  ihowlog  Its  divtiion  Into  llw  t«at»*l 
branch  and  the  malar  branch  ;  1 T,  tlie  */iA»io-/u/<ifiiir  nmw,  going  to  Unfcel**  pa- 
gUon;  lS,thcpa*(<H«-^nilBJiwnia,glTeaoffjii«tbefani  the  superior  rmuillu^nen* 
enters  the  infraorbital  canal,  after  ptusing  throu:-h  the  aphunn>niaiillary  fowa  ;  li^ 
tbe  anterior  dtnta^  n*n>a,  iriven  olt  In  the  antrum ;  SO,  the  ■mo^Kif'rffH'  ■rr**,  n- 
ckplii^  at  the  anterior  iwlatine  foracncn,  after  paHitig  tbtoush  tbe  anlnim ;  11,  il« 
aitlertor  ptdalint  nerva,  after  eacapl  nji  fmm  the  posterior  paloUne  foramen  ;  St,  Ibr 
deep  ttmpiiid  nrrrt ;  33,  the  matiKlerie  bi-ant/i  ;  34,  tbe  Inierai  (nwrA,  wUcfc  «lM 
also  ail  [I  pi  iei  the  external  pteryiiohl  muwlc;  3G,  Ihe^ifirvi^/  ArawA,  i^uBg  dhdj 
to  the  internal  pterj'sold  nuade;  S6,  the  patterior  palatint  •mpfci,  arivr  fiarajiwg 
fmm  (he  pO!i(<^rioF  pDlatiae  fommDa,  going  to  the  mufclM  of  the  soft  palate;  ST.  tbt 
aHrieuloJimfiaral  iitrrf,  Rplitilnf;  and  ihns  embracing  the  mMille  mcoingcd  aMr; : 
2>i,ihe  ifwialor II  m liuffui'  nitrw. iliairibuicd  to  theaDtoriortwothirdiof  tbo  IcogM: 
W,  the  rnfrriir  drilal  iwrpe.  |migin~  through  the  inferior  dental  nnal.  bmaalh  ibt 
teeth  of  the  loner  jaw ;  30,  the  niy'"Jtiioid  nerve,  a  branch  ot  the  infi'riof  dnml 
nerre ;  81,  tho  tkorda  timpofi  wrvr,  JolninK  the  pustatoiT  nene,  and  po*»ib1j  bdf 
Ing  to  it  the  mrtepHoA  tfiatU ;  RS,  the  middle  meningeal  arterr ;  S3,  tbe  ifkn  p'*! 
to  the  earoAl  and  earrmout  plmtv  uf  the  sjmpallictic  sjistcln:  M,  tb>  tlAaa 
nrrrr,  p>ing  f  rwm  Meckel'*  gaD;;rHin  to  the  Vidian  canal.  OanffHa  of  thrjIM  ikma. 
— 1^  The  lentieitlar  ganffliaii,  sending  flbcrs  (o  iris  and  ciliary  miudc ;  <■,  iW  tfank 
rinipnglioii;  it,  the  o-'ie  ^nol'o'i,  lylnic  on  the  inferior  maritliirji  nerrt  belo«  ibe 
ferainen  ovale;  s,  (be  loAmanttiir.tf  ^M/i')fl,  eonnocted  wtth  tbe ffwtatory  ai  "  '  *" 
timpani  ncrrcf ;    h,  UcektFt  ipxn^ioti,  Ijlai;  in  the  spheno-maxiUary  lout. 

'  Uodifiod  fr.m  ilowcr. 


Pia,  K5.— /»/n-ior  tnnril'ari/  tlhainn  nfth.:fjV:  (UireclifcW.) 
bnmuh  froni  Ihc  molor  root  to  the  mosaelcr  mupole  ;  2,  ElainentB  from  this  liranch  to 
the  Icmpornl  nlu?Dll^;  3,  bucicnl  brunrli;  0,  6,  T,  brHiii^hes  lu  the  luuEdci';  G,  n"ii*- 
tulo-tanporal  nrrre  ;  i,  Irmperitl  braneluit :  \D,  ourietdar  brattehet ;  II,  on<i*fin>uMM 
lellk  t/u/aeial  nerve;  12,  tmffua'.  Iiranrli ;  18,  bi'uich  of  the  motor  root  to  thf  niylo- 
iijiM  tnuecle:  U,  Iti,  IB,  ia/erior  dmlal  nu'ix,  wUh  iti  hraaeUet  :  10,  mental  brandi; 
'of  tliit  brane/t  leillt  ihc  facial  ncrvt. 


rterygoids ;  also  to  the  mylo-hyoid  and  anteiior  belly  of  the 
jfjastric,  and  to  the  tensor  palati  and  tensor  tympani.  They 
bus  pontrtil  not  only  the  physiological  act  of  masticatioit, 
nt  also,  to  some  extent,  the  acts  of  defjlvtition  and  hearimf. 
Tiese  fil)er»  furthemiore  afford  a  vaso-motor  inflnenoe  over 
arioiis  vessels  in  certain  regions  of  the  head  and  face.  Secre- 
ory  fibers  to  the  lachrymal  gland,  and,  according  to  some 
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authors,  to  the  parotid  and  submaxillaiy  glands,  by  means  uf 
filjei's  derived  from  the  facial  nerve  (thi-oiigh  the  chorda  lym- 
pani  branch),  are  attributed  to  the  trigeminus.  By  these  filwrs, 
the  secretions  necessary  to  the  jierfect  performance  of  the 
parts  supplied  hy  the  fifth  nen-e  are  also  jtlared  under  its 
control,  thus  illustrating  again  that  beautiful  law  of  Natnre 
in  arranging  the  ne^^-es  in  acciirdance  with  harmony  of  action. 
Beside  the  efferent  tibers  possessed  by  the  fifth  nerve,  there 
exist  in  addition  certain  unnamed  fibers  wliich  control  the 
proper  nutritio-n.  of  the  ei/e,  nose,  and  vtht-r  portiom  o/tht 
face.  These  latter  filjers  are  pot  as  yet  fully  ascertained  w) 
as  to  be  described  in  detail,  but  their  existence  seems  indi- 


Fia.  W.—S«i-^ir  manllary  dii!uioH  of  ihiJijVi.  (llir«ditdil.) 
giDsllan  of  Gasspr;  3,  lachrymal  branch  of  ihn  ophthllmic  ctlrbion  ;  8.  ouarn'oriHa. 
illarg  divmon  of  iht  fifth  :  4,  orbital  braKth  ;  fi,  laekrjpmi^pArat  jthmml  ;  i 
Btalar  broHeh  ;  7,  Itmporat  liraiuh  ;  8,  np/ieiui-palalitu  gangtim  ;  9,  VidUn  iwrro ;  K 
groat  luperddat  ptiroftal  nerri';  II,  rkclal  nrrre;  lli,  branch  of  the  VUiao  Bm«; 
13,  mdtriar  awl  liBo poflfnar  dtnlnl  brnneha;  H,  tnmeh  to  iht  imttoto  nfmlutwt  i/ 
III/ altvittir  fii-oennfs  :  16,  lerminal  hnmeha  of  tlit  mperior  tnarillar^  jimimo*  ;  1ft, 
branch  of  llio  tauial. 


cated  by  the  fact  that,  after  section  of  the  tiftli  nerve,  lh« 
«omea  l>ecome3  cloudy ;  the  wh()le  eye  becomes  ftiflametl, 
only  to  subsequently  disorganize;  the  mucous  membrane  of 
the  nose  is  similarly  destroyed,  and  tilcei-s  fryquenlly  nuke 
their  appearance  upon  the  nmcous  membrane  oE»  the  lips  uul 
gums.     Snellen,  however,  considers  these  changes  as  the  et- 
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rior  third  of  the  tongue,  which  derive  their  sensation  by 
means  of  the  glosso-pharyngeal  nen'es. 

The  accuracy  of  this  statement,  as  regards  the  distribntion 
to  the  integument  of  the  ear,  which  is  now  accepted  by  nnei 
of  the  anatomical  authors  of  the  present  day,  was  strangely 
attested  tu  by  facts  brought  under  the  notice  of  John  Hilton,' 
who  was  thus  enabled  clinically  to  verify  the  exa^t  distriba- 
tion  of  the  tifth  nerve  to  the  pinna  and  the  audihiry  canal 
It  seems  that  an  attempt  was  made  by  a  criminal  to  kill  his 
wife  by  cutting  her  throat,  but  that  the  attempt  was  not  suc- 
cessful, and  resulted  in  severing  the  auricular  branch  of  the 
Kecond  cervical  nerve,  which  supplies  the  ear,  as  well  as  the 
fifth  cranial  nerve.  An  opportunity  «-as  thns  affoi-ded  to  ex- 
amine, by  the  use  of  ni^L^ilIe  points,  the  state  of  sensibihty  of 
the  different  portions  of  the  ear,  and  to  decide,  by  the  loss 
of  sensibDity,  the  exact  regions  wliich  the  second  cervical 
nerve  supplied.  It  was  thus  proven  that  the  upper  and  anit- 
rior  part  ot  the  ear,  and  also  the  auditory  cariai,  wa^t  m^ 
plied  by  the  fifth  cranial  nerve ;  and  that,  therefore,  the» 
parts  are  in  direct  nervous  communication  with  the  forehead, 
temple,  face,  nose,  teeth,  and  the  tongue. 

It  can  thus  be  eiisily  understood  why  pain  in  the  anricaUr 
region,  as  evidenced  in  cases  recited  later  on.  may  proves 
most  valuable  diagnostic  sign  of  irritation  of  some  of  the  othrt 
branches  of  the  fifth  nerve,  distributed  to  the  regions  whicb 
are  associated  by  means  of  this  nerve  with  the  ear,  atthonfch 
apparently  having  no  anatomical  relation  with  it. 

In  the  partly  dLagrammatic  representation  of  the  distri- 
bution of  the  nerves  to  the  cutaneous  surface  of  thf  head,  the 
outlines  of  the  various  regions,  represented  as  supplied  by 
the  different  nerves,  are  as  nearly  accurate  as  careful  iUT«8ti- 
gation  can  det^-rmine  them.'  It  will  be  perceived  that  nine. 
out  of  the  fourteen  regions  mapped  out  upon  the  heod  and 
neck,  are  supplied  with  sensation  by  some  of  the  brnnchea  of 

"■RmibimI  pjiln."  London  iXeir  Yorit,  ISJO), 

'  At  ilw  tio>itii]krie<  of  thp  reipoas  t<i|ipllcij  b;  vaj  Mrre  irmlutlli  ohmti-  off  isto 
ncighbnrins  n^nn*,  il  Is  not  well  to  rclf  upon  ihe  airrmt  *re«  ot  an;  ro^oti  In  Ifxiif 
iha  ipodal  imwbilitj  ot  aof  octtc. 


region  fuppU«d  by  the  i 
;  4,  nrgion  aupplied  ■     -■     ■   -        ■  •■  " 
1  hy  the.  bueeal  biuDi 

^ .  ._  _..    .  tlic  fifth  nerte;  7,    _^    ..      ,,    --     .    --      -. 

rtrvieaflram  the  ccrriotl  plciiu ;  8,  region  supplied  hy  the  ffreiil  auhailar  U 
MrricKl  ptcina;  0,  re^oa  tnpp1i<nl  by  tlie  trntooro-Hialar  hiancli  of  the  fifth  in 
in,  rvgton  luppliiij  by  Itic  laflirj/'nal  bronuh  of  Ibc  fifth  ncrvu  ;  1 1,  regirm  vupplivd 
by  the  nwn'eiiAi-mn^ra/ brancli  of  thv  fifth  ncrre;  li,  region  Biipplkil  by  An  ffrtal 
ompif(iI(a  spinal  nerve);  is.  region  supplied  by  Ihe  minll  ortipiial  from  the  ocrrlotl 
plexus;  1-1,  rcgioD  supplied  by  the  tapm-elaneiUiT  In>m  the  ccrvEcnl  plexus. 

said  as  to  the  manner  of  employing  the  nen-es  as  guides  to 
nosis,  that  a  careful  study  of  the  limits  of  each  of  these 
s  of  the  head  may  often  enable  the  physician  to  explain 
nptoma  which  might  otlierwise  seem  obscure ;  and  also 
lable  hira  to  use  the  symptom  of  local  pain,  whenever  prea- 
,  as  a  signal  which  Nature  often  ^ves  of  disease  in  parts 
mbly  far  removed  from  the  seat  of  pain,  but  still  inti- 
y  connected  to  it  by  means  of  its  nervous  supjily. 


EFFECTS   OP   BECTIOK    OF  THE    HFTU    SERVE. 

Many  points  <if  practical  value  dependent  njum  the  fifth 
Te  can  be  better  understood  when  the  eflecia  of  its  divis- 
ion have  been  considered  in  detail.     If  the  fifth  nerve  lie 
iivided,  sensation  is  immediately  destroyed   in   all  those 


portions  of  the  head  and  face  to  which  the  efferent  nerves 
are  distributed  ;  the  power  of  mastication  is  lost ;  the  ««T(r- 
tions  of  the  lachrymal,  parotid,  and  snbmaxillarj-  glands  are 
i-endei-ed  deficient ;  the  a-ct  of  deglutition  becomes  imper- 
fect, since  some  of  the  muscles  required  for  its  performance 
are  paralyzed,  and  since  the  tongite  is  unable  to  perceiw  the 
bolus  of  food,  and  therefore  can  not  properly  direct  its 
movements ;  and,  finally,  hearing  is,  to  a  certain  erteDt, 
impaired,  since  the  tensor  tympani  muscle '  has  lost  its  motor 
power. 

In  addition  to  these  direct  effects  of  section,  secondary 
results  are  manifested  in  those  forms  of  ulceration  which 
have  been  previously  referred  to,  and,  eventually,  in  the  de- 
struction of  sight  and  smell. 

It  may  be  noticed  that  the  efft^ct  of  section  of  the  fifth 
nerve  npon  the  special  sense  of  taste  has  not  l)een  mentioned. 
It  was  formerly  supposed  that  the  gustatory  Hlwrs  of  the  fifth 
nerve  afforded  the  sense  of  taste  to  the  anterior  two  thirds  of 
the  tongue  ;  but  it  is  now  uiged  by  many  that  the  fifth  nprre 
is  simply  a  nerve  of  sensation  to  that  organ,  and  thai  its  fil>era 
are  employed  exclusively  in  the  appreciation  of  the  sensations 
of  touch  and  feeling,  while  the  true  gustatory  filw-Ts  of  thai 
portion  of  the  tongue  are  derived  from  the  chorda  ti/mpani 
branch  of  the  facial  nen'e.  In  support  of  this  view,  cases  hare 
been  observed  where  the  chorda  tympani  has  Ijeen  affected, 
either  by  disease  or  in  consequence  of  injury  within  tbe 
middle  ear.  and  the  sense  of  taste  has  been  impaired  ;  but,  on 
the  other  hand,  cases  have  Jjeen  also  reconled  where  the  fifth 
nen-e  was  alone  diseased,  and  yet  taste  was  destroyed  in  th< 
anterior  two  thirds  of  the  tongue.  It  is  such  cases  aa  the 
latter  that  still  lead  some  physiologists  to  IwHeve  that  th* 
chorda  tympani  nen-f>  only  controls  the^ow  of  the  fta?tca,ani 
that  impairment  of  this  secretion  impairs  or  destroys  the  spe- 
cial sense  of  taste  affoi-ded  by  the  gustatory'  branch  of  tlif 
fifth  nerve. 

'  Aoratillni;  to  I.'icm'*  rownt  oipcrimenu  ("Berlin,  kilo.  W«chr,"  187*),  itaw*! 
qup«ni  iiiiifdn  prc!iil(4  ufcr  Ibo  arounHMJuHon  for  rnimW  l^ac*. 
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CLIXICAL  POINTS  AFFORDED  BY  THE   FIFTH   NERVE. 

The  fifth  nerve  may  be  the  seat  of  neuralgia,  spasm,  or 
paralysis.  The  type  of  neuralgia  (called  tic-douloureux,  the 
facial  pain  of  Fothergill,  and  ''  prosopalgia '')  dependent  upon 
the  fifth  nerve  affects  only  the  sensory  trunks ;  the  spasms 
may  be  of  a  tonic  or  clonic  type,  and  are,  of  course,  confined 
to  the  muscles  supplied  by  the  motor  branches  of  the  nerve ; 
while  the  paralytic  condition  can  affect  the  sensory  trunks, 
producing  anaesthesia  of  the  parts  to  which  the  affected  nerve 
is  distributed,  or  the  motor  filaments  may  be  impaired,  thus 
destroying  the  power  of  normal  movement  in  the  muscles  of 
mastication  and  the  mylo-hyoid.  So  many  points  of  clinical 
interest  and  practical  value  pertain  to  these  various  condi- 
tions that  each  will  be  considered  somewhat  in  detail. 

NEURALGIA   OF  THE  TRIGEMINUS   NERVE. 

The  various  forms  of  tic-douloureux  are  so  commonly  met 
with,  and  prove  so  obstinate  to  treatment,  as  well  as  distress- 
ing to  the  patient,  that  a  practical  knowledge  of  the  disease 
can  not  be  gained  without  a  careful  study  of  the  various 
causes  which  have  been  found  to  produce  it. 

Among  the  reported  cases  of  this  affection,  there  have 
been  discovered,  as  exciting  causes,  the  following  conditions  : 
Tumors  of  the  middle  fossa  of  the  skull  or  of  the  base  of 
the  brain,  producing  neuralgia  so  long  as  irritation  only  is 
produced,  but  anaesthesia  when  degeneration  of  the  nerve 
trunks  begins  ;  accumulations  of  pus  within  the  ciTinial  cav- 
ity ;  tumors  of  the  pons  Varolii ;  morbid  processes  in  the 
regions  adjacent  to  the  ganglion  of  Gasser  ;  and  aneurism  of 
the  internal  carotid  artery  *  within  the  sella  turcica.  Diseases 
of  the  cervical  portion  of  the  spinal  cord,  if  high  up,  may  cre- 
ate neuralgia  of  the  fifth  pair,  by  irritating  the  fibers  of  that 
nerve  which  arise  from  the  lower  part  of  the  medulla.  Peri- 
ostitis of  the  bony  orifices,  through  which  the  various  branches 
of  the  fifth  nerve  pass,  may  create  such  pressure  as  to  produce 

^  Romberg's  case. 


the  most  severe  and  persistent  neuralgias  ;  for  this  reason  the 
snpra-orbital,  infra-orlrital,  zygomatic,  8ni>erior  and  inferior 
dental  branches  are  more  liable  to  be  the  aeat  of  pain  than 
the  bi-anches  which  pass  through  sTich  large  openings  as  the 
sphenoidal  and  splieno-maxillary  fissures.'  Exostoses  of  th« 
bones,  especially  of  the  upper  and  lower  jaws,  may  rreate  the 
most  severe  type  of  neuralgia  by  pressure  upon  the  neighbor- 
ing nerve  trunks.  Exposure  to  cold  or  dampne-ss  will  pro- 
duce it,  being  one  of  the  most  frequent  of  the  trivial  causesL 
Finally,  inflammatory  changes  in  the  ganglia '  attached  to  the 
nerve,  the  enlargements  and  nodosities  found  ujxtn  resected 
nerves,  an  exostosis  of  a  wisdom  tooth,'  caries  and  ost«)- 
phytes  of  the  bony  canals  through  which  branches  of  the 
nerve  pass,  and  neuroma  of  the  ganglion  of  Gasser  protrud- 
ing thmugh  the  foramen  ovate,'  have  been  known  to  produce 
the  most  severe  neuralgia. 

The  sjTnptoms  of  tic-douloureux  are  of  the  mnfit  distressing 
character.     The  pain  is  usually  extremely  violent,  and  the 
patients  will  describe  it  to  you  as  of  a  burning,  piercing,  or 
shooting  character.     It  is  liable  to  be,  at  first,  jtantxysmal; 
but,  if  due  to  organic  disease,  it  may  gradually  l>ecnine  more 
or  less  constant.     The  continuous  pain  is,  however,  usnaJly 
limited  to  certain  well-defined  spots  of  extreme  sensitiveneM 
to  pressure,  which  the  patient  can  readily  point  out  to  yoa  ' 
(the  ^^puitvia  dolorosa^' ot  Valleix).    Thus,  the  fii-st  branch  of 
the  trigeminus  (the  ophthalmic)  presents  six  such  points,  eacli 
indicating  some  one  of  its  subdivisions.     These  are  sitnated,  , 
respectively,  over  the  snpra-orbital  foramen;  in  the  centerof  ' 
the  upper  eyelid  ;  a  frontal  point  over  the  escape  of  the  Den» 
of  the  same  name ;  one  at  the  outer  angle  of  the  eye,  for  thf 
lachrymal  liranch ;  and  two  at  the  inner  angle  of  the  *j«. 
upon  the  nose,  representing  the  inferior  trochlear  and  the 
ethmoidal  nervps. 

In  the  region  supplied  by  the  superior  maxillary  neiw 
and  its  branches,  there  may  exist  a  malar  point,  an  inft* 

's  of  CarnorhoD  and  WoQ. 
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orbital  i)oint,  a  point  in  the  palate,  and  one  on  the  gum  of  the 
upi)€r  jaw. 

In  the  region  of  the  inferior  maxillary  nerve,  the  points  of 
tenderness  are  situated  in  front  of  the  tragus  of  the  ear  (the 
temporal  point) ;  one  in  the  parietal  region,  where  tlie  frontal, 
occipital,  and  temporal  nerves  meet ;  one  over  the  temporo- 
jnaxillary  joint;  a  point  upon  the  tongue  for  the  lingual 
branch ;  and  one  upon  the  integument  of  the  chin,  for  the 
mental  nerve. 

Painful  points  are  often  detected  by  pressure  in  the  region 
of  the  spinous  and  transvei'se  processes  of  the  cervical  verte- 
brae (the  "point  apophysaii'e "  of  Trousseau). 

These  puTwta  dolorosa  are  usually  the  starting  points  for 
the  i>ain  of  the  acute  paroxj^sms,  from  which  the  pain  radiates 
along  the  course  of  the  nerv^es  of  the  region  affected.  In  some 
cases,  these  points  of  tenderness  may,  however,  be  absent,  when 
a  central  origin  of  the  disease  may  reasonably  be  suspected. 

The  relation  of  the  lilaments  of  the  fifth  nerve  with  certain 
vasa-motor  fibers  causes  this  type  of  disease  to  be  often  asso- 
ciated with  certain  disorders  of  secretion,  sinc^  the  vessels  of 
the  glands  of  the  affected  region  are  liable  to  dilate  after  an 
acute  paroxysm  of  pain.  We  can  thus  explain  the  abundant 
flow  of  tears  after  an  attack  of  neuralgia  of  the  ophthalmic 
branch ;  and  of  nasal  mucus  and  saliva,  when  the  second  and 
third  branches  of  the  trigeminus  are  involved.  Profuse  sweat- 
ing of  the  region  of  the  face  affected  is  also  sometimes  well 
marked  both  during  and  after  the  paroxysm. 

The  vaso-motor  communication  may  also  explain  why  we 
have  reported  cases  of  local  swelling,  redness,  elevation  of  the 
temperature,  and,  sometimes,  erysipelatous  inflammation  of 
the  affected  region ;  and  why  the  hair  has  been  observed  to 
fall  put,  and  the  skin  to  become  discoloi^ed  and  roughened. 
Hypertrophy  of  the  cheek  has  been  noticed,  as  a  result  of  tic- 
douloureux,  by  Niemeyer,  Brodie,  Romberg,  and  Notta ;  and 
ophthalmia  has  been  produced  by  a  similar  condition  confined 
to  the  first  branch  of  the  fifth  nerve.  When  the  nen^e  trunks, 
which  at  first  were  the  seat  of  neuralgia,  become  destroyed  or 


seriously  impaired  by  pressure  or  granular  degeneration,  the' 
face  may  undergo  atrophy. 

Neuralgias  of  the  fifth  nerve,  when  due  to  cerebral  iumort^ 
are  often  complicated  by  other  symptoms  which  gn^tly  assist 
in  the  diagnosis  ;  among  the  more  prominent  of  which  mayba 
mentioned  diplopiii,  vertigo,  chronic  cephalalgia,  spaans  iif 
certain  groups  of  muscles,  paralysis  of  various  types,  and  the 
absence  of  the  ptincta  dolorosa,  whose  situations  have  altcadf 
been  mentioned. 

Tic-douloureux  is  not  to  be  confounded  with  pain  depend- 
ent upon  the  decay  of  teeth,  inflammation  of  the  t«nipon>- 
maxillary  articulation,  tumors  of  the  antrum,  or  extension  nf 
inflammation  to  that  cavity  from  an  acute  attack  of  coryia, 
migraine,  or  the  facial  pains  of  lead  jioisoning,  hysteria,  or 
spinal  affections.  It  is  more  common  in  women  than  in  mpo ; 
and  most  frequent  between  the  ages  of  thirty  and  fifty.  It  is 
more  liable  to  occur  in  cold  months  than  when  the  weather  is 
warm  (provided  it  be  not  due  to  actual  disease) ;  and  it  nmy 
follow  traumatism,  senile  changes  in  the  blood-vessels,  and 
malarial  poisoning. 

fil'ASU    DIE   TO    TUE   TRIOEMIXfS    SEBVE. 

The  jaw  may  be  rendered  immovable,  as  in  tetanus,  by  tbs 
masseter,  temporal,  and  pterj-goid  muscles,  all  of  which  ue 
supplied  with  motor  power  by  the  fifth  nerve.  The  same  fom 
of  spasm  may  be  occasionally  observed  in  attacks  of  hysteria. 

Clonic  spasm  of  the  temporal  and  masseter  muscles,  alter- 
nating with  that  of  the  depressors  of  the  jaw  (the  mylo-liyoid 
and  the  anterior  l>elly  of  the  digastric),  produces  the  ehatifr- 
ing  nf  the  teeth  so  often  seen  in  the  chill  ui  inflamnuitoiy  d»- 
enses  and  fevers  and  after  exposure  to  cold. 

The  pterygoid  mnscle.*,  by  a  tonic  contraction,  mar  pro- 
duce the  grinding  of  the  teeth ;  a  displacement  of  the  i»" 
to  one  side,  during  an  hysterical  paroxyam.  which  luKledstHW 
days,  is  reported  by  Leube.' 

•  A»r|unlo<l  til  ItiM«Dth>h  -X  Cliiiliiil  Tretiisu  of  llio  DU«Um  of  iht  K«(t«i4*'  | 
lem"  [Piitavl't  tiwwUlion,  Kc*  Vork.  \S19). 
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Spasms  of  the  muscles  supplied  by  the  trigeminus  may  be 
the  result  of  apoplexy,  cerebral  softening,  meningeal  exuda- 
tion, lesions  of  the  pons  Vai^olii  and  medulla  oblongata,  hys- 
teria, epilepsy,  tetanus  hysteria,  hydrophobia,  tumors  uTitat- 
ing  the  ganglion  of  Gasser,  peripheral  irritaticm,  reflex  causes 
(as  dental  pain,  ulceration  of  the  tongue  or  mouth,  intestinal 
or  uterine  irritation,  teething,  etc.),  and  rheumatism. 

In  rare  cases,  the  depressors  of  the  jaw  may  be  the  seat  of 
localijsed  spasm,  in  which  event  the  mouth  may  be  kept  wide 
open  for  a  longer  or  shorter  period. 

PARALYSIS  OF  THE  TRIGEMINUS   NERVE. 

It  is  a  rare  occurrence  to  observe  a  simultaneous  paralysis 
of  the  motor  and  sensory  roots  of  the  trigeminus  ;  although 
anaesthesia  of  parts  supplied  by  the  branches  derived  from 
the  sensory  root  may  occur  from  central  causes,  and  is  per- 
haps more  frequent  than  those  symptoms  dependent  upon 
lesions  involving  the  motor  root.  In  lesions  confined  to  the 
cerebral  ganglia  or  cortex,  however,  the  motor  root  is  more 
often  impaired  than  the  sensory  portion,  while  the  sensory 
root,  or  some  of  its  branches,  is  frequently  affected  from 
causes  outside  of  the  cranial  cavity. 

In  studying  the  condition  of  trigeminal  ancTsthesia,  it  must 
be  prefaced  that  the  regions  affected,  and  therefore  the  results 
of  the  impaired  nervous  function,  differ  with  the  exciting 
cause,  since  a  central  lesion  is  liable  to  involve  all  of  the  sen- 
sory branches  of  the  nerve ;  while  an  external  cause  usually 
affects  some  individual  branch. 

The  cerdral  lesions  of  this  disease  comprise  apoplectic 
clots;  destructive  lesions  producing  ataxia;  hysteria;  local 
diseases  or  exudations  which  involve  the  large  root  of  the  fifth 
nerve  between  the  pons  Varolii  and  the  ganglion  of  Gasser ; 
and  lesions  of  the  medulla  oblongata,  thus  affecting  its  fibers 
of  origin. 

The  external  causes  include  all  forms  of  traumatism ; 
exposure  to  cold  or  heat ;  surgical  procedures ;  caries  or  peri- 
ostitis of  the  bony  canals  ;  suppuration  of  the  soft  tissues  ad- 
is 


Ififi 
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joining  the  affecteii  nerve ;  local  tumors  and  inflaminatoiry 
exudations;  and  certain  blooil  conditions  iiccani]MUiied  by 
nerve  sclerosis  (chiefly  Norwegian  leprosy).' 

The  condition  of  facial  ansesthesia  may  be  complete,  when 
sensibility  to  contact,  imin,  heat,  ur  cold  is  abolished ;  or  par- 
tial, when  extreme  impressions  can  be  perceived,  and  often 
differentiated  as  to  the  peculiar  character  of  each,  'Hie  needlf 
points,  the  compass,  and  the  electric  brush  are  uU  employed 
in  the  examination  of  such  a  patient,  in  order  to  deride 
lis  to  the  extent,  character,  and  degree  of  the  existing  pa- 
ralysis. 

If  the  ophthalmic  nerve  be  the  seat  of  anspsthesia,  we  may 
obsen'e  a  contracted  stat*  of  the  pupil,'  insensibility  of  the 
mucous  linin;;  and  intej^mnent  of  the  upper  eyelid,  insensi- 
bility of  the  skin  of  the  forehead  and  the  external  and  in- 
ferior parts  of  the  nose,  and  a  total  absence  of  the  sense  uf 
oontiict  in  the  anterior  portions  of  the  mucous  membranodf 
tile  nostril. 

If  the  tivpcrior  maxillary  nerve  alone  be  affected,  the  dtin 
and  mucous  lining  of  the  lower  eyelid,  the  integument  of  the 
cheek,  lower  half  of  the  nose,  and  the  correajxinding  half  of 
the  upix-r  lip.  show  an  entire  or  partial  abolition  of  sensibility : 
while  the  mucous  membranes  of  the  middle  and  ^MWterior  pi>r- 
tions  of  the  nasal  cavity,  of  the  roof  of  the  ]Kilate.  and  the  en- 
tire soft  palate  and  uvula,  are  similarly  affected.  TTie  teefh 
and  gums  of  the  upper  jaw  will  also  be  in  the  anaslhetir  wm- 
dition. 

If  the  inferior  maxillary  nrrre  be  the  seat  of  diseji.«ie.  wilh- 
(lut  impairment  of  the  motor  root  of  the  nerve,  the  inlegumeW 
of  the  outer  surface  of  the  ear,  alx)ve  the  auditory  rana]i'<rf 
the  temporal  region,  of  the  corresptrnding  half  of  the  lovrs 
lip,  and  in  front  of  the  temporo-maxillary  articulation,  wilJ  I* 
destitute  of  sensibility.  The  mucous  membrane  of  ihe  mft"'^ 
sponding  side  of  the  lower  lip,  tongue,  cheek,  tonsil,  and  jnU" 
of  the  lower  jaw  will  be  also  aneesthetic,  while  the  teeth  of  thp 

'  tVe  inirrati^tions  of  DaniL'llwD  and  Boerk,  as  qauml  bf  lEoMiiIbaL 
*  For  off«cl>of  netjt  influonoM  onihi;  pupil,  (ec  page  ISS  of  ttik  rtivum. 
'  For  raMvcfoc*  ot  lUlton  on  thi>  poiat,  tec  page  IM  of  tidn  ralnuM. 


TROPHIC  EFFECTS  OF  TRIGEMINAL  PARALYSIS.       167 

corresponding  side  of  the  lower  jaw  will  likewise  be  deprived 
of  sensibility. 

If  yon  will  recall  the  points  which  were  made  in  reference 
to  the  effects  of  section  of  the  trigeminus,  yon  will  be  better 
able  to  understand  why  paralysis  of  any  portion  of  this  nerve 
should  be  followed  by  symptoms  of  late  development,  due, 
apparently,  to  some  alteration  in  the  nutrition  and  reactive 
power  of  the  regions  supplied  by  the  nerve  which  is  diseased. 
You  will  remember  that  the  existence  of  certain  unnamed 
fibers,  called  "trophic  fibers,"  was  mentioned,  whose  close 
connection  with  the  sympathetic  nerve  is  highly  probable, 
and  whose  function  seems  to  be  to  control  and  regulate  the 
blood  supply  of  the  regions  to  which  they  pass.  Now,  it  is 
clinically  observed  that  the  paralysis  of  any  of  the  three 
large  branches  of  the  trigeminus  is  followed  by  certain  ulcer- 
ative and  suppurative  processes  in  the  regions  rendered  anaes- 
thetic, and  that  these  effects  are  the  most  prominent  and 
serious  when  the  ophthalmic  nerve  is  affected. 

Landmann  and  Bell  were  the  first  observ^ers  to  point  out 
that,  in  the  human  subject,  purulent  destruction  of  the  eye 
was  liable  to  follow  pressure  upon  the  trigeminus  from  tumors 
in  the  region  of  the  ganglion  of  Gasser;  while  Magendie 
(1824),  Bock  (1844),  Snellen  (1858),  Spencer  Watson  (1874), 
Samuel  (1860),  and  Meissner  have  done  much  to  bring  the 
results  of  defective  nutrition,  following  impairment  of  nerve 
supply,  to  professional  notice.  It  might  add  much  to  the 
interest  of  this  volume  to  enter  into  the  details  of  the  inter- 
esting experiments  and  clinical  observation,  which  have  now 
become  quite  extensive  regarding  this  subject,  but  it  will  ex- 
ceed the  scope  of  this  course  to  more  than  hastily  sketch  the 
results  obtained.  The  opinion  of  Snellen,  that  the  ulceration 
of  the  cornea  and  the  suppurative  conjunctivitis  which  fol- 
lows anaesthesia  of  the  ophthalmic  nerve  were  the  mechanical 
effects  of  the  irritation  of  dirt  which  the  conjunctiva  was  no 
longer  capable  of  x)erceiving,  seems  to  have  been  confirmed  by 
Watson '  and  Baerwinkel,'  who  found  that  an  artificial  cleans- 

>  "Med.  Times,"  1874.  « •*  Arch.  f.  kUn.  Med.,"  1874. 


ing  and  closure  of  the  eyelids  caused  recovery,  withont 
effect  upon  the  nerve  condition.  It  was  apparently  also  proven 
by  Bock  and  Samuel  that  the  condition  of  aniesthesta  was  nor 
necessary  to  the  development  of  these  later  processes,  resultiigi 
in  destruction  of  tissue,  since  the  same  results  were  observed 
when  hyperajsthesia  existed.  In  reference  to  the  course  of 
the  "tropliic  fibers"  of  the  ophthalmic  nerve,  the  researrhes 
of  Meissner  and  Schiflf '  seem  to  locate  their  situation  in  the 
central  portion  of  the  neixe,  since  the  other  parts  seem  u> 
preside  over  sensation  only.  Finally,  the  interesting  experi- 
ments ot  Sinitzin,'  made  in  1871,  show  some  remarkable 
effects  of  the  removal  of  the  superior  cer\-ical  ganglion  of  the 
sympathetic  nerve  upon  trigeminal  ophthalmia  ;  since  it  was 
often  cured  when  once  started,  and  jii-evented  in  ev«^ry  caw? 
where  it  was  done  befoi-e  the  trigeminus  was  divided. 

We  know,  irrespective  tif  the  theories  of  its  cau^atioil, 
that  the  destruction  of  the  sensory  root  of  the  fifth  nervB  is 
liable  to  be  followed  by  destruction  of  sight,  interferenn> 
with  the  sense  of  smell,  ulceration  of  the  nose  and  gums,  a 
tendency  to  infiammation  and  abscess  of  the  soft  ti8sue«i,  and. 
possibly,  to  gangrene. 

It  is  of  practical  importance,  however,  to  discrimioAtie 
between  that  foi-m  of  trigeminal  aniesthesia  dependent  npOB 
central  lesions  and  that  due  to  exteruaJ.  pressure  or  diseate. 

We  may  remember  tliat  the  central  form  is  usually  con- 
fined to  the  inferior  maxiUary  portion  of  the  nerve ;  that  ■ 
previous  liistory  of  cerebral  disease  will  often  !«•  found  ;  that 
paresis  or  jaralysls  of  the  muscles  of  the  face,  tongue,  jawm, 
or  limbs  will  possibly  coexist ;  and  that,  if  the  let^ion  be  8 
tumoral  the  base  of  the  cerebrum,  cephalalgia,  Qeuralgiaaof 
special  brunches  of  the  tri&reminus,  and  a  siranltanunus  a0M>- 
tion  of  some  of  the  adjacent  nenes  of  the  craninm  may  be 
discovered. 

If  the  cause  is  outside  of  the  cranium  (provided  it  be  not 
due  to  syphilis,  rheumatic  diathesis  or  traumatism),  we  im;^ 
expect  to  find  evidences  of  the  previous  existence  of  abftCMi 

'  "CcnlmM,"  1M7.  '  "Med.  CentnJW,"  1S7I. 
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periostitis  of  some  of  the  osseous  canals  through  which  the 
various  branches  of  the  trigeminus  pass,  or  of  local  tumors 
which  are  creating  pressure  upon  some  nerve  trunk  or  its 
terminal  filaments. 

The  Tnotor  root  of  the  fifth  nerve  rriay  he  impaired  from 
the  pressure  exerted  by  meningeal  exudation,  extravasations 
of  blood,  or  tumors  within  the  cranium ;  while  it  is  frequently- 
involved  (after  the  sensory  portion  of  the  trigeminus)  during 
the  development  of  some  type  of  basilar  affection.  The  re- 
sults are  manifested  by  a  paralysis  of  the  muscles  of  mastica- 
tion upon  the  side  where  the  nerve  is  diseased,  except  the 
buccinator  muscle,  which  derives  its  motor  power  from  the 
facial  nerve.  The  healthy  muscles  of  the  opposite  side  tend 
to  crowd  the  lower  jaw  toward  the  affected  side  of  the  face 
during  mastication,  giving  a  peculiar  expression  during  the 
act  of  eating. 

DIAGNOSTIC   VALUE   OF  THE   FIFTH   NERVE. 

To  what  extent  the  distribution  of  the  fifth  nerve  is  of 
practical  value  in  diagnosis  may  be  estimated  by  the  perusal 
of  the  lectures  *  of  Sir  John  Hilton  upon  the  significance  of 
pain  and  the  use  of  rest  as  its  cure.  Cases  have  been  reported 
by  Paget,  in  his  lectures  on  surgical  pathology,  and  also  by 
Anstie,*  where  the  hair  of  the  entire  scalp  has  turned  white 
after  a  severe  attack  of  neuiTilgic  headache ;  and  another  is 
rei)orted  by  Anstie,  where  the  hair  of  the  eyebrow  alone  be- 
came perfectly  blanched  from  pain  in  that  region  dependent 
upon  the  supra-orbital  nerve.  Hilton  reports  a  case  where  the 
hair  of  the  temple^  from  the  irritation  excited  in  the  dental 
branches  of  the  fifth  nerve  through  a  decayed  molar  tooth, 
became  suddenly  gray  (the  temple  being  the  region  supplied 
by  the  auriculo-temporal  branch  of  the  same  nerve) ;  and  an- 
other where  an  obstinate  form  of  ulcer  in  the  auditory  canal, 
which  was  very  painful,  and  had  Avithstood  all  methods  of 
treatment,  was  cured  by  the  extraction  of  a  decayed  tooth  in 
the  upper  jaw ;  again  illustrating  the  fact  that  imtation  of 

>  "Rest  and  Pain,"  London  (New  York,  1879).  «  ««  Lancet,"  18C& 


one  branch  {the  dental)  can  create  disease  at  the  seat  of 
butlon  of  another  branch  of  the  same  nerve  (the  auriculo- 
temporal). 

The  teiiiporo- maxillary  artiddation  has  often  been  known 
to  assume  a  condition  of  immobility  duiing  an  attack  of  ear- 
ache,  and  to  be  immediately  relieved  by  the  a])p]icatiun  of  an 
anodyne  to  the  terminal  filaments  of  the  fifth  nerve  in  tlw 
ntnal ;  thus  illustrating  the  efff^ct  of  ii-ritatinu  of  one  branrJi 
(the  auriculo-tem]>onil)  upon  tlie  otliers  which  supply  the 
muscles  of  mastication,  causing  them  to  contract  and  thus  fix 
the  joint. 

Again,  a  furred  condition  of  the  lateral  haJf  of  the  tonffut 
may  almost  be  considered  a  pathognomonic  sign  of  some 
source  of  imtati(jn  to  the  fifth  nei-ve,  which  thus  mani/esla 
itself  in  the  peripheral  distribution  of  one  of  its  branches  (the 
gustatory  nerve).' 

Chronic  ulceration  of  the  cornea  has  also  been  rei»rtt*d  by 
Anstie  as  a  symptom  produced  by  some  source  of  irritation  of 
the  fifth  nerve,  far  removed  from  the  seat  of  disease. 

The  intimate  communication  of  the  internal  portions  of  iht- 
mouth  with  the  eye,  ear,  and  nose  often  accounts  for  many 
curious  symptoms,  which  it  would  be  difficult  to  account  tdt, 
did  we  not  know  that  pain  may  be  felt  at  any  branch  of  a 
nerve,  when  one  of  its  trunks  is  initaled.  I  hai'e,  at  llw 
present  time,  a  patient  under  my  care,  who  is  suffering  from 
an  obstinate  ulceration  of  the  f^^ngue,  and  who  had,  previous 
to  his  consulting  me,  been  ti-eated  for  an  inflammatory  c«»ndi- 
tion  of  the  ear,  on  account  of  a  constant  and  severe  ]iaiD. 
which  was  considered  as  separate  and  distinct  from  the  trwi- 
bit*  which  wits,  at  the  same  time,  affecting  his  tongue.  A  aJm- 
-  (lie  gargle  of  opium,  which  I  ordered  him  to  hold  for  liftwn 
minutes  in  his  mouth  at  inttirvals,  relieved  the  symptom  in  a 
very  short  time. 

A  ease  is  reported  by  Hilton  where  an  enlarged  eertlad 
tfland  ap]>eared  with  a  simultaneous  discharge  from  the  a«- 
ditory  canal,  and  where  the  explanation,  by  which  a  decoyi^ 

'  IIt«iut>j  Cooper;  John  Hilton. 
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tooth  was  diagnosed  as  the  cause  of  the  condition,  was  as 
follows:  The  irritated  dental  branches  of  the  fifth  nerve 
caused  an  inflammation  of  the  auditory  canal,  which  is  sup- 
plied by  another  branch  (the  auricular  of  the  auriculo-tem- 
I)oral) ;  this  inflammation  was  followed  by  suppuration 
and  excoriation  of  that  canal,  and,  subsequently,  by  ab- 
sorption of  the  discharges  by  the  lymphatic  vessels,  thus 
producing  the  enlarged  gland  of  the  neck.  This  expla- 
nation may  seem  a  roundabout  way  of  reaching  a  diagnosis, 
but  the  result  of  drawing  the  tooth  proved,  in  this  case, 
how  well  anatomy  may  guide  us,  if  we  only  follow  its  teach- 
ings. 

Earache  may  not  always  be  due  to  the  fifth  nerve,  even 
when  it  is  confined  to  the  external  portion  of  the  organ, 
sinc^  the  second  cervical  nerve  supplies  the  lower  and  hack 
part  of  the  external  ear,  so  that  pain  in  that  region  should 
lead  us  also  to  look  for  some  cause  of  irritation  to  that  nerve. 

The  distribution  of  nerves  to  the  scalp,  as  shown  in  the 
figure  on  page  159,  renders  the  symptom  of  pain,  in  any  por 
tion  of  the  scalp,  one  which  may  guide  us  in  looking  for  its 
cause;  since,  if  it  is  confined  to  the  anterior  and  lateral 
Greets  of  the  head,  the  fifth  nerve  is  probably  affected  by 
some  source  of  irritation  (and  a  reference  to  the  cut  will  tell 
you  which  branch  of  the  nerve  is  distributed  to  the  seat  of 
I)ain),  while,  if  confined  to  the  posterior  portion  of  the  scalp, 
the  occipital  nerves  are  affected,  and  disease  of  the  spine  may 
be  suspected,  in  the  region  of  the  first  or  second  cervical  ver- 
tebrae. 

The  distribution  of  the  fifth  nene  to  the  conjivnctim^  both 
of  the  globe  of  the  eye  and  also  of  the  lids,  exhibits,  to  a 
wonderful  degree,  the  axiom  given  you  in  the  fii'st  lecture  of 
the  course,  as  to  the  harmony  of  action  between  the  sensory 
nerves  of  the  skin,  the  muscles  adjacent,  and  the  joints  which 
they  move ;  since  these  paiis  stand  very  much  in  the  same 
general  relation  to  each  other,  if  the  movable  point  in  the 
eyelids  be  taken  as  a  joint,  and  the  muscles  of  the  lids  as 
those  which  move  it. 
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An  analogy  has  been  dmwn  by  a  prominent  ntithnr' 
between  a  common  two-moted  spinal  nen'e  and  a  great 
"compound  nerve"  of  the  head,  whose  sensory  roof  conv- 
sponds  to  the  sensory  portion  of  the  fifth  ner\'e,  and  whose 
motor  root  comprises  the  third,  fourth,  lifth  (its  motor 
portion),  sixth,  and  seventh  cmnial  nerves,  which,  togt.^iber. 
form  the  motor  root  of  this  comytonnd  nerve.  Most  of  the 
reflex  acts  which  are  exhibited  in  the  re^ons  of  the  head 
and  the  upper  portion  of  the  neck  can  lie  explained  by 
the  free  communication  which  exists  between  the  sensor>' 
root  of  this  "comptjund  nerve"  and  its  diifereut  motor 
bi-anches. 

It  seems  useless  to  furt  her  incori»orate  such  cases,  which 
go  to  prove  that  only  by  a  thorough  familiarity  with  anat- 
omy are  we  enabled  to  explain  the  many  jOienomena  which 
often  puzzle  the  practitioner  ;  and  that,  If  we  will  but  use  il 
as  a  guide,  diagnosis  may  l>e  greatly  simplified,  and  an  tasy 
remedy  often  discovered  for  the  symptoms, 

SLROICAL  ANATOSIT  OF  THE   FIFTH   XEKVE. 

Surgical  opemtions  are  often  demanded  for  the  relief  of 
tho,se  toimenting  neuralgias  which  affect  the  branches  of  th* 
fifth  nen-e. 

The  simple  dJnsicm  of  a  nerve  ia,  at  present,  seldom  prar- 
ticed,  owing  U>  the  certainty  of  promjtt  reunion  of  the  nene 
divided.  Resection  of  not  less  than  (}ro  Inches  of  itxirjigtk 
is  usually  required  to  make  reunion  impossible,  or  very  re- 
mote in  point  of  time.  It  has  been  proposed  to  turn  tlie  pe- 
rijtheral  extremity  of  the  nen'e  backward  after  section,  or  ti> 
interpose  mnscle  or  fascia,  to  prevent  the  possibility  of  union.' 
Exposure  and  stretching  of  spinal  ner%e8  for  the  relief  of  neu- 
ralgia have  been  ]imposed  by  Von  Nussbaum,  but  are  not 
usually  practiced  upon  the  cmnial  ner\'e.s. 

The  supra-orbital  nerve  may  l>e  thus  divided  : 

Pans  a  narrow  knife,  subcutaneously,  from  a  point  two  df 
three  lines  on  the  inner  side  of  the  supra-orbital  notch,  ooi- 

'  John  Bilton,  "  Itci  ud  Pwn."  •  S.  W.  Hlieheir. 


SURGICAL  ANATOMY  OF  THE  FIFTH  NERVE,  173 

ward,  until  the  point  has  passed  beyond  the  notch ;  then  turn 
the  blade  backward,  and  cut  down  to  the  bone.  To  resect 
the  nerve,  make  a  one-inch  incision  above  and  parallel  to  the 
supra-orbital  arch  ;  seize  the  cut  ends  of  the  nerve  in  the 
wound,  and  remove  it  to  the  desii'ed  extent. ' 

To  excise  the  superior  irmxillary  nerve ^  a  crucial  incision 
is  made  over  the  infra-orhital  foramen^  and,  by  the  use  of  a 
small  trephine,  the  anterior  wall  of  the  antrum  is  opened  so  as 
to  include  the  foramen.  The  lower  wall  of  the  infra-orbital 
canal  is  now  broken  with  a  chisel  as  far  as  the  spheno- 
maxillary fossa,  and  the  nerve  is  then  divided  at  the  fora- 
men rotundum  with  a  pair  of  scissors  sharply  curved. 
Meckel's  ganglion  is  frequently  removed  with  the  excised 
nerve.* 

To  divide  the  iiiferior  dental  nerve^  the  incision  may  be 
made  within  the  mouth  or  externally.  If  the  trunk  is  to  be 
removed,  before  the  nerve  enters  the  canal  in  the  lower  jaw, 
the  external  incision  is  made  from  the  sigmoid  notch  to  the 
edge  of  the  jaw.  The  parotid  gland  is  then  turned  backward, 
and  the  lower  portion  of  the  masseter  muscle  detached.  A 
section  of  bone  is  now  removed  with  a  trephine,  and  the  dental 
artery  is  tied,  in  case  it  bo  wounded  ;  the  nerve  may  then 
be  divided,  and  a  half  inch  of  it,  which  will  be  found  to  be 
exposed,  resected. 

In  the  intra-huccal  operation,,  the  comer  of  the  mouth  is 
held  wide  oi)en,  and  an  incision  one  inch  in  length  is  made 
along  the  anterior  part  of  the  ramus  of  the  jaw,  through  the 
fibers  of  the  internal  pterygoid  muscle.  This  muscle  is  then 
loosened  from  the  periosteum  by  the  finger,  where  the  nerve 
can  be  easily  felt,  at  its  entmnce  into  the  dental  canal,  and 
there  divided. 

TOE  GANGLIA   CONNECTED   WITH   THE   FIFTH    NERVE. 

In  the  cut  which  illustrates  the  distribution  of  the  branches 
of  the  fifth  nerve  will  be  perceived  four  ganglionic  enhirge- 

»  J.  N.  Warreiu  «  J.  R.  Wood. 


ments,  exclusive  of  the  gauglion  of  Oasser,  wliirh  are  OMh 
nected  with  the  nerve,  and  which  have  a  most  importaDi 
function  as  regards  the  tissues  to  which  these  branches  um 
distributed. 

As  yon  will  notice,  the  first  is  connected  with  the  ophthal- 
mic division,  and  is  sitnated  within  the  orbit.  It  is  called  the 
"ophthalmic  ganglion,"  from  its  attachment;  also  ihe  *'len- 
ticular  ganglion,''  fi-om  its  shape  ;  and  the  "  ciUury  ganglion," 
since  it  gives  off  the  ciliary  nerves  to  the  iris  and  the  mu»cl« 
of  accommodation  of  vision.  Like  »11  the  ganglia  of  the  sym- 
pathetic nerve,  it  has  a  ■motor  root,  a  sensory  root,  and  a  sifm- 
pathetic  root,  and  it  furnishes  branches  of  distribulioa  to 
neighboring  parts. 

The  second  is  called  "  Meckel's  ganglion,"  lifter  its  dlscoT- 
erer ;  and  the  "  spheno-palatine  ganglion,"  since  it  is  chiefly 
distributed  to  the  region  of  the  palate.  It  is  situated  in  the 
spheno-viaxillary  fossa,  and  sends  branches  to  the  orhil. 
nose,  hai-d  and  soft  palalt;.  It  lies  in  close  relation  with  the 
sujwrior  maxillary  nerve. 

The  third  is  called  the  "otic  ganglion."     It  lies  upon  the   ^ 
inferior  maxillary  nerve  below  the  foraiui-n  ovate,  and  send* 
branches  to  the  two  tensor  muscles,  viz.,  the  tensor  tympini 
and  the  tensor  paluti.     It  in  thus  ]»hyHiologicftlly  associated 
with  the  acts  of  hearing  and  deghtdtiun. 

The  fourth  is  called  the  "submaxillary  ganglion,"  since  it 
lies  above  the  submaxillary  gland.  It  is  by  means  of  the  dis- 
tribution of  the  chorda  tympani  nerne  to  this  giinglion  thai 
some  physiologists  attempt  to  explain  the  apjiarent  eflerl 
which  that  nen-e  has  iipcra  the  sense  of  taste  in  Ihe  antfriiT 
two  thirds  of  the  tongue.' 

The  following  table'  will  perhaps  assist  ytm  in  rememlw- 
ing  the  special  points  of  each  of  these  ganglia,  as  it  shows  the 
variotis  sources  of  supply  to  each,  as  well  as  branches  of  "ii"- 
tribution : 


THE  ABDUCENS,    OR  SIXTH  NERVE. 

THE   OANOLIA    OF  THE   FIPTU    CRANIAL   MEKVE, 


OPUTHAL- 

MICdt 

CILIABT. 


Bl  ECKEL'S 
8PHENO- 


PtUIU  Ml  tlw 


Pubtu-cliwu* 


By  reference  to  the  above  table,  you  will  perceive  that  the 
sensory  root  of  eat^h  nf  the  four  ganglia  Ls  derived  from  the 
fl/ih  cranial  nerve  by  means  of  some  of  its  branches ;  that 
the  motor  root  is  derived,  in  three  cases  out  of  four,  from  the 
seroith  cranial  ner\'e;  and,  finally,  that  in  every  case  is  the 
sympathetic  root  derived  fn)m  a  plexus  ujjon  some  neighbor- 
ing blood-vessel. 


THE  AUnCCENS,   OR   SIXTH    NERVE  (MOTOR    0(.TL1    EXTERN"tIS). 

The  apparent  origin  of  this  nen-e  is  from  a  ffroove  Iwtween 
the  anterior  pyramid  of  the  medulla  oblongata  and  the  pos- 
terior border  of  the  -pons  Varolii.  The  nen'e  may  be  said  to 
possess  two  roots,  one  of  which  can  be  traced  into  the  pyni- 
midal  body  of  the  medulla,  and  tbe  other  into  the  pttns  Va- 
rolii itself.     This  latter  root  is  sometimes  wnnting. 

Its  deep  origin  has  been  traced  by  Lockhart  Clarke  to  a 
nucleus  in  the  gray  matter  of  the  fourth  ventricle  of  the  bmin, 
on  the  outer  side  of  the  locus  caruleus. 

This  nerve  is  purely  motor  in  its  functi<m,  and  is  distribu- 
ted to  the  external  rectus  muscle  of  the  eye. 


1T6 


THE  CRAX/Af.  XERVES. 


The  most  careful  researches  of  Vnlpian  have  as  yet  failed 
to  discover  any  decussation  of  the  deep  fibers  of  this  nerre, 
and  there  would  seem  to  be  a 
physiological  explanation  for 
the  absence  of  such  an  arrange- 
ment, since  the  two  external 
re<!ti  muscles  are  seldom  called 
into  simultaneous  action,'  and 
the  normal  movements  of  the 
eyes  are  opposed  to  such  a  i)o- 
sition  as  would  ensue  if  tliey 
should  act  in  common. 

The  sixth  nerve  anasto- 
moses with  the  sympathetic 
nerce  in  the  cavernous  sinus, 
where  it  receives  filaraenta  from 
both  the  carotid  plexus  and 
from  Meckel's  ganglion  ;  and  a 
few  sensory  filaments  are  said 
to  i>e  given  to  it  from  the  oph- 
thalmic branch  of  the  fifth  cranial  nerve  in  this  locality. 

Occasionally,  this  nerve  sends  a  filament  to  the  opTttkalmk 
ffatifflinu,  and  thus  to  the  iris,  and  it  is  claimed  by  LoneW 
that  this  an-angement  («hich  is  an  exceptional  one)  exists  in 
those  cases  of  paralysis  of  the  motor  oculi  ner%-e  in  whjcli 
there  is  no  apparent  effect  produced  upon  the  mobility  of  ihf 
pupil. 

This  ner^'e  haa  no  practical  importance  to  the  dingnostinan. 
save  the  one  fact  that,  in  case  it  be  paralyr^.  the  ejt  irill 
present  the  condition  of  infernal  strabismus  ;  that  the  up- 
parent  tiize  of  the  objects  perceived  by  the  retina  is  mngrn- 
Jiech*  and  that  the  head  will  Ite  bo  deflected  lut  to  avoid  Ibo 
perception  of  double  images,' 

The  explanation  of  both  of  tliese  effects,  as  the  reffulto' 


tgmpal'atie  :  10.  cUitrj 


'  After  the  cvea  liaic  bt 
iDiuclci  bi'lp  to  miorc  the 

'  For  eiplonnllon  of  thl>  aymplom,  llic  reader  i 
'  See  page  HO  of  lUs  volume. 


aiunipu  to  (cKiu  MAT  ob 

'  of  [lanilleliKiii. 

1  referred  lo  page  Hi  of  tl 
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I)aresis  of  certain  ocular  muscles,  has  already  been  given  in 
the  previous  lecture  upon  the  third  cranial  nerve,  and  need 
not  be  again  repeated.  It  should  not  be  forgotten,  however, 
that  internal  strabismus  is  not  always  due  to  pamlysis  of  the 
external  rectus  muscle,  but  may  indicate  a  condition  of  con- 
genital or  acquired  hyperopia,  causing  a  weakness  of  the  ex- 
ternal rectus  muscle. 


THE  FACIAL,  OR  SEVENTH  NERVE. 

This  nerve  has  its  apparent  origin  from  a  groove  between 
the  olivary  and  reBtiform  bodies  of  the  medulla  oblongata, 
and,  like  the  three  preceding,  has  its  deep  origin  in  a  gray 
nucleus  in  the  floor  of  the  fourth  ventricle,  in  the  upper  half 
of  that  space  near  to  the  postero-median  fissure.  *  The  fila- 
ments of  origin,  within  the  substance  of  the  medulla  oblongata, 
may  be  traced  as  a  fan-like  expansion  upon  the  floor  of  the 
fourth  ventricle,  some  of  which  terminate  in  the  giny  nucleus, 
above  described,  of  the  same  side  as  that  on  which  the  nerve 
eseajies,  while  other  fibers  may  be  seen  to  decussate^  thus 
passing  to  the  nucleus  of  the  opposite  side.  No  filaments 
have  as  yet  been  satisfactorily  traced  upward  beyond  the 
limits  of  the  medulla.*  This  nerve  accompanies  the  nerve  of 
liearing  throughout  the  whole  length  of  the  internal  auditory 
canals  and  there  communicates  with  it  by  a  few  filaments.  It 
then  enters  a  curved  canal  within  the  temporal  bone,  called 
the  aqueduct  of  Fallopius^  where  it  gives  off  the  three  petro- 
sal nerves  and  the  chorda  tympani  branch,  whose  physiologi- 
cal action  has  been  already  considered  in  connection  with  the 
fifth  nerve.  From  this  canal,  it  escapes  through  the  stylo- 
Tnastoid  foramen^  having,  before  its  exit,  given  a  tympanic 

'  Lockhart  Garke.  An  accessory  portion  of  this  nerve — the  "  nerve  of  Wnsherg  " — 
eoDTejs  fibers  to  it,  whose  deep  origin  may  be  traced  to  the  lateral  column  of  the  cord. 
Its  importance  is  now  being  extensively  discussed,  as  having  a  connection  with  the  chorda 
tympani  nerve. 

*  The  deep  origin  of  the  fibers  of  the  facial  nerve  seems  to  have  £ome  connection  with 
the  upper  portions  of  the  enccphalon  (as  shown  by  the  clinical  facts  mentioned  in  previ- 
ous pages,  when  discussing  **  crossed  paralysis '') ;  but  little  is,  as  yet,  positively  known 
concerning  the  course  and  termination  of  these  fibers. 


Flo.  81.— .1  diajp-am  of  llu  branehft  of  Ihf  faaal  IV 
main  trunk  uf  nerve  In  internal  nudilory  canal  g  i,  bnnchra  of  luniinunictlion  with 
Ai'DiTOBT  KEHtt: ;  3,  orififfi  o[  at/uedutl  of  Fathpiui ;  A,  large  petrotat  nervt ;  fi, 
tmall  pelewat  nerrt  ;  S,  eitfnud  pdrval  Hervt ;  7,  SlBlncntc  10  the  laialvr  fgmpani 
nituc/a  ;  8,  cHorila  I jftiipani  nerxa;  tl,  stTlo-nMstotd  foramen ;  tO,pottrT4or  avriailar 
nrrrt  ,•  11,  fllameat  Buppl.yinj;  iho  W^o  Avoi^ anil  i%«M«muiclM;  lU,  theTmniao- 
rACUL  diriBioD  uf  the  nervi:;  13,  the  Inapmid  brani-liM;  14,  the  malar  brancliMi 
tS,  tlic  iitfri-orhi/al  brnnchw :  IS,  the  hatml  hnncbcB;  IT,  the  tHpra-moiiliHrjf 
tini]ii.'h<-ii :  lg,thQ  infra-maiUliirii  branrhcai  10,  (he  ■:iuiri(<o-»ciA[.  dh-iaiuQ;  10, 
"  inlvmtteniiia  gangliofoniiu  " — the  seal  of  origin  of  the  pclrnwl  ncrvpi. 

'  three  musrlea  of  the  nerk,  namely,  the  .stylo-hyoid,  posterior 
belly  of  the  digastric,  and  the  platysma  ;  one  muscle  of  the 

1  middle  ear,  the  stapedius ;  and  one  muscle  of  the  palate,  the 
levator  palati.'    By  means  uf   the  rhorda  tympani  branch, 

'  it  contnils  the  secretion  of  the  parotid  and  submaxillary 

I  glands,  and,  possibly,  the  sense  of  tasle,'    By  the  large  pe- 

>  Str  ChariM  BrII. 

'  Schiir,  IHSl ;  Brmarij,     PinsiMy  also  fniue  m\\vt  isfitrXcn^  liy  nirfl-i«  of  ihc  lingual 
\  bnneb,  dMcribei)  br  Ilinchbcri;. 

•  Sappcy ;  llini'hfeld ;  A.  Flint,  Jr. ;  J.  C.  Dniton.    The  flbw"  of  iho  chorda  tj-mpani 
Ti^  bv  Mnii!  of  the  Inlor  auihorilits,  are  said  to  arise  from  an  inlomiediatt-  ii*fve 
'   fonned  bj  a  bmnoh  frcm  both  the  ictcDth  and  eighth  cranial  nerrsF,  and  taWei  the 
."portioinlerinL'dla"  or  "item  of  Wrlibcrg." 


trosal  branch,  the  levator  palati  antl  azygos  uvulffi  are  ra|h 
ptied ;  and,  by  tlie  small  petrosal  branch,  the  tensor  tjin- 
pani  and  tensor  palati  muscles  are  furnished  with  motur 
power. 

Several  interesting  articles  have  lately  api>eai-ed  tipon  Ilip 
subject. ' 

It  is  claimed  by  Viilpian  that  the  facial  necre  also  eon- 
tiling  vaso-motor  fibers,  which  are  distributed  to  the  vessels  ol 
the  tongue  and  side  of  the  face. 

The  effects  of  paralysis  of  the  facial  nerve  were  fiisl 
brought  to  professional  notice  by  Sir  Charles  Bell,  who  di- 
vided it  for  facial  neuralgia,  and  the  characteristic  deformity 
which  resulted  is  still  known  under  the  name  of  "Bell's  ]«- 
ralysis."  In  this  condition,  the  alTected  side  loses  its  nornml 
expression,  and  becomes  abnormally  smooth  on  account  ot 
the  obliteration  of  the  normal  lines  and  wrinkles,  due  to  the 
action  of  the  antagonistic  muscles  on  the  healthy  side.'  Tlw; 
patient  loses  all  power  of  closing  the  eye  of  the  affected  sJdt- 
even  in  sleep,  since  the  orbicularis  palpebrarum  muscle  is 
paralyzed ;  the  moufli  is  no  longer  symmetrical,  since  il  fc* 
drawn  toward  the  healthy  side ;  the  saliva  is  with  difBcuUy 
retained  ;  and  the  act  of  whistling  becomes  an  impossibility, 
as  the  lips  can  not  be  systematically  governed.  This  condi- 
tion may  be  pi-oduced  by  exposure  to  severe  cold,  as  in  sleigh- 
riding  ;  by  abscess  or  tuiuoi-s  of  the  parotid  region,  as  the 
result  of  the  pressure  created  ;  by  diseases  of  the  ear  nr  inju- 
ries to  the  temporal  bone,  which  impede  the  free  nclion  id 
the  nerve ;  and  by  cranial  lesions.  It  is  particularly  un|inr- 
tant  that  the  surgeon  should  familiarize  himself,  not  only 
with  the  situation  and  course  of  the  main  trunk  of  Ihb 
ner^■e,  but  also  with  the  course  of  its  branches,  preiiuus  to 
I»erforming  operations  about  the  face,  i*t  in  the  vicinity  of 
the  mastoid  process,  and  in  tlie  upper  jiortions  of  the 
neck. 

'  VuliiUn,  " Uncel."  I87S;  U.  U.  Clgplow,  " Bruin,"  187»;  K.  C   Spltekm  " 
Reoont,"  1S«). 

'  llcnoe  (be  >ii(ncaa  of  the  remark  hy  Romberg  u  quolnl  bjr  U 
c  for  clderlf  Udiva  thou  tkcinl  iMkraljik." 
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The  distribution  of  this  nerve  to  the  muscles  of  the  palate 
and  to  the  stylo-hyoid  explains  the  impairment  of  deglutition 
when  the  facial  nerve  is  paralyzed ;  while  the  filament  to  the 
stapedius  muscle  may  create  modifications  in  the  sense  of 
hearing  under  similar  condiriona,' 


Fia.  t2.—B(lft  paralgiit.     (Modified  from  Corfc.) 


The  following  tabulated  arrangement  of  the  branches  of 
the  seventh  nerve'  will  possibly  prove  of  service  to  you  as  an 
aid  to  memory  during  your  student  life  ;  and,  as  a  guide  for 
reference  or  review  in  your  professional  labors,  such  tables 
are  always  of  value : 

■  Tbe  laitor  Igittpani  nnaete  maj  also  be  involved. 

*  Copied  from  "  The  EtaenlUtd  of  Anatomy  " :  Darling  and  Ranney,  Kcw  York,  18S0. 
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TABLE    OF  THE    BHANCHE8   OP  THE   FACIAL  NEBVB. 
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In  the  auditor  •/  eaual. 

Braach  lo  .uditoir  ncrr,. 
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Kilmt^  pHrotaJ  ( to  nitiine°^ 

1 

K 

In  Ibe  a<pit<l«ti  of  Fa'/o/./w.     ■ 

3 

BraMhr,  of 

plexus). 
Tympanic  bnoeb. 

i 

eonununiMKiun. 

Croat  aaricular. 

At  Its  ciit  from  the  tlglo^'Mt- 

o: 

loi.! /^.-an^^.  with  the  fol- 

lowing  ucrvcs: 

-i 

Cwolid  pleiHs. 

On  tho  fno.'. 

l)niache«  lo  fifth  cranul  Mm 

1 

Ch«.Jatsmpnnia,rrt. 

Foslerior  auriralu  nem. 

Bmnthfi  if 

Kcnr    the    tl^l-Mnntl'tiJ  jora. 

Diagrutric  branch. 

Ju/ribulifTi. 

Sijlo-hroid  bmwTb. 

Linyitai  6™«dl.' 

1 

Od  Iho  face. 

CerciH>.rack1  niarve. 

if  you  will  look  at  this  diagrammatic  drawing  {Vig.  63). 
you  will  pei-ceive  how  simple  ia  the  arrangement  of  the 
branches  qf  comviiinicaffon  between  the  facial  nerve  and  the 
fifth  cranial  nerve  and  ita  ganglia,  ^^^lile  the  drawing  is 
intended  to  be  purely  schematic,  still  it  also  illustrutea  aotae 
of  the  anatomical  points  jjertaining  to  the  course  and  fortoii- 
tion  of  the  Vidian  nervt\  as  well  as  the  relations  of  the  chor- 
da tymp<tni  Tierve  to  the  membraiia  tympani,  as  it  posscft 
through  the  middle  ear  to  reath  the  canal  of  Hugnier, 

There  is  a  practical  point  pertaining  to  the  deep  origin  of 
the  Hbei-s  of  the  facial  nerve,  whit-h  may  often  1«»  of  value  In 
determining  the  seat  of  pathological  lesions  within  the  sub- 
stance of  the  brain.  In  hemiplegia,  especially  in  ihul  variety 
which  is  due  to  hiemorrhage,  the  face  is  sometimes  affecttNl 
upon  the  same  side  as  the  body  and  sometimes  upon  the  oppo- 
site side,  thus  being  impaired,  respectively,  either  up<ni  the 
Bide  ojjposile  to  the  cerebral  lesion  or  ujHtn  the  name  side  u 
the  lesion.     To  explain  these  phenomena  theoretically,  we 

'  Thl>  comTnnniciting  fllamcnl  U  given  off  in  ihc  a^irhict  of  Fallapimt  m  oftaa  a*  4ft 
the  ilirloJnMloiil  fofumpn. 

>  Ptvcribod  br  llinchberg.     Supplied  the  (f 
tlM  tooguc 
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must  suppose  that  the  facial  nerve  fibers  are  affected  by  the 
lesion  within  the  brain  before  they  decussate  (following  them 
from  wthin  outward),  in  case  the  face  is  paralyzed  on  the 
same  side  as  the  lesion  ;  and  that  the  decussating  fibers  are 


Pi?.  63. — A  diagram  to  show  the  relations  between  the  facial  nerve  and  some  portions  of  the 

fifth  nerve, 

A,  Gasfcrian  ganglion ;  B,  ophthalmic  nerve ;  C,  superior  maxillary  nerve ;  D,  inferior 
maxillary  nerve  (sensory  portion) ;  E,  inferior  maxillary  nerve  (motor  poilion) ;  M, 
Meckers  ganglion;  \  facial  nerve^  entering  the  aqveduet  of  Fallopixta ;  2,  intumcs- 
centia  ganglioformis  (an  enlargement  on  the  nerve) ;  3,  facial  nerve,  following  the 
curve  of  the  aqueduct  of  Fallopius ;  4,  facial  no've,  escaping  from  stylo-mastoid  fora- 
men ;  6,  large  petrosal  branchy  joining  caictid  filament  11  to  form  the  Vidian  nerve, 
and  entering  the  Vidian  canal ;  6,  smtdl  jict^^osal  branch,  going  to  "  otic  panglion  "  10 ; 
7,  chorda  tympani  nerve^  escaping  from  the  canal  of  Hwfuicr  after  winding  over  the 
upper  border  of  drum  membrane  of  ear,  9 ;  8,  gustatory  nerve^  joining  with  the  chorda 
tympani  nerve;  9,  exteimal  drum  membrane  of  the  ear;  10,  otic  mtnqlion ;  11,  fila- 
meni  from  carotid  plexus  to  form  the  Vidian  nerve ;  1 2,  the  iter  chortlce  posterius,  ad- 
mitting the  chorda  tympani  nerve  into  the  cavity  of  the  middle  car. 

pressed  upon  or  destroyed  by  the  lesion,  in  case  the  face  be 
affected  on  the  same  side  as  the  body. 

Now,  it  has  been  observed  as  a  pathological  fact,  that 
when  a  lesion  involves  parts  of  the  encephalon  anterior  to  the 
pons  Varolii,  the  phenomena  dependent  upon  paralysis  of  the 
facial  nerve  are  perceived  on  the  same  side  as  the  hemiplegia ; 
while,  if  the  lesion  be  situated  either  in  the  lower  part  *  of  the 
pons  Varolii  or  below  it,  the  face  is  paralyzed  on  the  same 
side  as  the  lesion,  or  on  the  side  opi)osite  to  the  hemiplegia. 

'  Gubler  has  shown  that  the  facial  nerve  is  not  paralyzed  upon  the  same  side  as  the 
lesion,  if  the  injury  to  the  pons  Varolii  bo  anterior  to  the  imaginary  line  drawn  through 
the  points  of  escape  of  the  trigemini. 


For  this  reason,  the  occurrence  of  hemiplegia,  with  erasMi 
facial  paralysis'  has  tieen  received  as  a  most  positive  indica- 
tion of  a  lesion  situated  upon  the  same  side  of  the  hrain  as 
that  of  the  face,  and  either  within  the  substance  of  the  pons 
Varolii  or  in  parts  of  the  encephalon  posterior  to  it.  Suth 
clinical  facts  as  tliese  seem  positively  to  indicate  that  Home  «f 
the  deep  fibers  of  the  facial  nen'e  pass  upward  inUi  the  rere- 
brum,  and  that  the  decussation  of  the  filaments  of  origin 
within  the  floor  of  the  fourth  ventricle  is  of  little  physiolf»gioa] 
importance  compared  to  these  other  fibers  ;  but,  tinfortnnalt^ 
ly,  no  anatomical  investigations  have,  so  far,  discovered  fibera 
of  this  nen'e  which  could  ba  clearly  demonstrated  as  pasdag 
upward  beyond  the  pons  Varolii. 

It  lias  lieen  often  noticed  by  different  observers  that,  in 
case  the  facial  nen-e  was  pamlyzed,  the  umila  and  soft  palate 
were  affected  and  drawn  toward  the  healthy  side  liy  the  an- 
tagonistic muscles,  whose  motor  power  remained  unimpaiml. 
Later  investigation  has  shown,  however,  that  this  affection  of 
the  palate  only  occurs  in  those  oases  of  paralysis  due  (o  im- 
pairment of  the  facial  nerve  within  the  aqufduot  of  PallopiM, 
or  from  some  cranial  lesion  which  affects  its  filamentt  nf 
origin.' 

The  experiments  of  Bernard  seem  to  demonstrate  that  the 
facial  nerve,  and  not  the  glosso-pharyngeal  alone,  is  wo- 
nected  with  movements  of  the  velum  palati,  but  not  with  the 
movements  of  the  pillars  of  the  fauces.  The  construction  of 
the  small  petrosal  branch,  however,  being  composed  partly  ol 
fibers  derived  from  the  glosso-pharyngeal  nerve,  may  stifl 
Justify  a  doubt  upon  this  point. 

Hirsclifeld  describes  a  small  filament,  which  tlw  taeial 
nerve  gives  off  soon  after  it  emerges  from  the  stj-lo-mnstoM 
foramen,  "Me  lingual  hrcrncJi,""  which  is  distriburi?d  to  the 
tongue  and  to  the  styloglossus  and  pal^(-o-glossus  niusrie^ 

'  A  tenn  naei  tf  tovct  thoap  UnDS  of  p«nilj»i«  whore  the  tmec  \*  pBtaljml  <m  Oe 
■ido  i^poaice  to  the  thlv  ot  ihe  l>odj  alTectcd.    8cc  diBgrun  on  p>ge  Si). 

'  The  petrosal  m-rrtfl,  which  mnj  th«  iDotor  flb«n  tv  thow  muactM,  mumt  be  impin^ 
to  caoM  uij  dpflwllmi  uf  the  palate. 

■  See  Uhla  oD  ingu  1^!. 
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This  may  possibly  explain  the  obsen'ation  of  Bernard :  that 
paralysis  of  the  facial  nerve,  after  section,  produces  a  devia- 
tion of  the  tip  of  the  tongue  ;  and  the  same  effect  has  been,  at 
different  times,  recorded  as  the  result  of  paralysis  of  the  facial 
nerre  from  intra-crania]  causes. 

BBAKCHE3   OF   COUUUNICATION   OF  THE   FACIAL   NEBVE. 

Some  of  the  branches  of  communication  which  are  given 
off  by  the  facial  ner>-e,  to  join  with  other  nerves,  or  to  be  dis- 
tributed to  ganglia,  are  of  physiological  importance.  Thus 
the  lejsaior  palati  and  the  azygos  uvula  muscles  derive  their 
motor  power  from  the  large  petrosal  branch  after  it  enters 
Meckel's  ganglion;'  while  the  palato-glossus  and  palato- 
pharyngeus  muscles  probably  derived  their  motor  power 


Fio.  64.— CBorrfo  tympani  wrte.    (Dirachfcld.) 
1,  >,  8,  4,  ficUt  nenc  posting  thrcupli  tbc  aqucductus  Fnllopti;  5,  j^ncliaform  enlar^ 
ment;  (1,  ^at  petrosal  nerve ;  7,  siihcnu-palntilic  gnnfrlion  l  B.amsll  pctro^'al  nerve; 
9,  dierda  tjimpani  ;  10,  11,  12,  \'i.  ruriouB  branches  uf  (he  facial ;  14, 14,  IS,  glostio- 
pharyDtreol  nerTe. 

from  the  communicating  filament  between  the  facial  and  the 
glosso-pharyngeal  nen-es,  as  shown  by  Longet.  This  distril)u- 
tion  explains,  in  part,  why  more  or  less  difRculty  is  perceived 
in  deglutition  after  division  or  paralysis  of  the  facial  neiTe, 
and  still  more  clearly  why  the  pronunciation  of  certain  words 
becomes  impaired,  and  the  expulsion  of  mucus  from  the  back 

'  Gray,  Quain,  Ssppej,  and  oth«n. 
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portion  of  the  mouth  and  from  the  pharynx  is  an  act  o( 
extreme  difficulty. 

Tlie  communication  of  the  cen'ical  plexus  with  the  potle- 
rior  auricular  branch  of  the  facial  affords  iensory  filammU 
to  the  parts  over  the  muscles  which  that  nerve  supplies. 

The  iilaraent  of  communication  between  ihe/aciul  and  th» 
auditory  nerves  enables  the  muscle  of  the  middle  ear  mipptied 
by  tlie  farial '  to  act  in  harmony  with  the  acoustic  appomtns ; 
while  the  communication  between  tlie  J{fth  iierve  and  the 
facial  enables  the  latter  to  follow  that  general  axiom'  of 
nerve  distribution  by  which  the  skin  over  the  imsertion  of 


Pio.  AS. — A  diaprnm  d 


mail  petrotal  m 


A,  olir  ffunffllon  ;  R,  Hockol'it  gnn;:1ioQ;  C.  prtron*  poiiiin  ot  ihv  temporal  bon* ;  E 
Innu  porlian  at  tbc  temporal  bone  (Us  apex  corroponding  to  ine  oirndd  mai 
the  iMUcor  the  skull);  F^  piiroat  poi'llon  of  the  trmpurnl  l>olic  [iU  boar  mcmf 
log  to  the  external  auditory  mcaliis) ;  F,  prtrouii  pai-iSoti  of  the  teniponl  bOM 
nipcrior  bonier,  icpatvtin;;  tb«  middle  and  pnaterlnr  toM*  of  lb*  »kiill):  I 
fiK<al  itrm  entering  the  petrous  portion  of  ilit>  temporal  lione  hj  meamt  of  dw ' 
aha  awliloriia  Mlrrniu  "  ,-  S,  ihcfatirU  nrrvt  tollowins  the  otine  of  lb*  "i 
of  Fallopiaa  " ;  3,  the/iwW  nern  evcaiung  trom  the  ictnparal  bono  hj  m — 
"  itflo-nuuloid  fonunen" :  4,  tbe  hirgt  pttrotal  nerve,  escaping  into  (lie  « 
cra^um  by  lueana  of  the  "  hiatus  Fullopii";  S.lhe  imnll  /HfT^al»trrt,iti 
the  eavlt;  ut  the  craoium  by  a  fomtnen  of  its  own ;  fl,  tliv  "fnritmf*  t«dt3 
affording  pasaage  for  the  \vitsx  petrosal  nerve  out  of  the  cranjiim ;  7,  tbe  "k 
ovale,"  afFordlna  panage  tor  the  imall  peiroMil  nerrc  Mit  of  the  eranhun,  and 
to  the  «tif  ffnHffUon  ;  S,  a  SlamEot  from  llic  earolid  jiant  at  the  armpatlirtic  n 
joining  tiM  larffi  jwtrmal  ocrre  to  ffirni  the  Vidian  nrrvt  :  0,  the  I'h&is  nawf.  tl 
milling  the  \'UiiaMnmf\oiItrkertg«ni;lion,li;  10,  the  I'Mioii  iwrTt^ 

mustiles  is  supplied  by  the  same  nerve  as  the  mnscles  them- 
selves. 

The  communication  between  the  facial  nerve  and    ^ 

■  The  itapediufl.       ■  Hilton,  "  RceI  and  PaJit."    See  otao  pa^  13  of  tliia  n 
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pneumogastric  might  at  first  seem,  to  the  casual  reader,  one 

of  accident,  rather  than  of  design,  on  the  part  of  the  Creator ; 

but,  when  we  consider  how  intimately  the  respiraiory  func- 

tlans  and  the  movements  of  the  face  are  associated  with  each 

other,  the  design  at  once  becomes  evident.    Paralysis  of  the 

muscles  which  dilate  the  nostrils  has  been  shown  to  have  a 

marked  effect  ajKJn  respiration  through  the  nostril ;  and,  in 

the  horse,  which  can  only  breathe  through  the  nose,  the  effect 

of  division  of  both  of  the  facial  nerves  is  to  produce  death 

from  suffocation,   since  the  nostrils  collapse.    It  was  this 

synchronism  between  the  movements  of  the  nostrils  and  the 

respiratory  act  that  first  led  Sir  Charles  Bell  *  to  regard  the 

facial  nerve  as  the  one  which  presided  over  the  function  of 

respiration,  and  is  still  often  called  one  of  the  ^'respiratory 

nerves  of  BelV^ 

A  case  is  reported  by  this  famous  investigator  where  a 

patient,  afflicted  with  unilateral  facial  paralysis,  was  obliged 
to  lie  upon  the  sound  side,  and  to  hold  the  paralyzed  nostril 
open  with  the  fingers,  in  order  to  breathe  with  comfort.' 

The  distribution  of  the  facial  nerve  to  the  muscles  of  the 
nose  creates  an  impairment  of  the  sense  of  sinell^*  when  that 
nerve  is  injured,  since  the  free  entrance  of  air  is  interfered 
with.  The  act  of  sniffing^  which  requires  for  its  complete 
performance  a  dilated  nostril,  is  rendered  almost  if  not  quite 
impossible,  and  thus  a  contact  of  odoriferous  substances  with 
the  mucous  membrane  of  the  upper  nasal  chambers  is  me- 
chanically interfered  with,  and  acute  perception  of  smell  em- 
barrassed. 

BRANCHES  OF  DISTRIBUTIOX  OF  THE  FACIAL  NERVE. 

The  motor  branches  of  the  facial  to  the  muscles  of  tJie  ear 
are  of  more  importance  in  animals  than  in  man,  since  the  ear 
in  the  animal  becomes  capable  of  perceiving  sound  vAih  acute- 
ness  only  by  a  change  in  its  relative  position  to  the  head. 

The  stylo'hyoid  and  the  posterior  helly  of  the  digastric 
muscles  exhibit  again  the  influence  of  the  facial  ner\'e  upon 

*  "  Lectures  on  the  Nerves."  *  Op,  ciL  '  A.  Flint,  Jr.,  op,  cit 
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I  the  8 


e  same  remark  will  apj 
stylo-glossus  muscle. 

When  the  fiwial  nerve  has  passed  tlu-ough  the  parotid 
gland,  the  two  branches  distributed  to  the  face/riz.,  the  Um- 
poro-facifil  and  the  cervicofacial,  l>ecome  not  only  motor  in 
their  function,  but  are  also  supplied  with  sensory  filamentii 
from  tiieir  communication  with  other  nerves ;  so  that  some  of 
their  terminal  filaments  are  distributed  to  the  integament  itf 
the  fare,  as  well  as  those  derived  from  the  j}fth  cranial  n&rr, 
which  would  not  be  the  case  were  the  nerve  not  so  supplied 
with  sensory  nerve  fibers. 

The  filament  of  the  facial  nerve  which  supplies  the  platyt- 
ma  muscle  affords  a  beautiful  example  of  the  fact  that  the 
nei-vous  supply  of  tlte  general  muscular  system,  if  caivfully 
studied,  constantly  teaches  us  points  of  great  physiotogimJ 
value  as  to  the  function  of  individual  muscles,  since,  in  th** 
expression  of  laelancholy,'  and  in  the  typical  countenance  uf 
thoracic  onA  abdominoZ  diseases,"  the  platysma  muscle  plays  a 
most  important  part,  and  is  therefore  supplied  by  the  nerve 
of  expression. 

Again,  the  muscles  of  the  region,  of  the  mouth  are  impor- 
tant agents  in  the  prehension  of  food  (especially  so  io  aninula, 
who  often  can  not  eat  when  the  lips  are  i)aralyzedl,  and  shooM 
properly  be,  in  some  way,  connected  with  the  muKcles  of  ma»- 
tication  (rliietly  supplied  by  the  fifth  nerve),  and  those  of 
deglutition  (supplied  by  the  facial  and  the  glosso-pharjiigeal 
ner\'es) ;  hence,  the  facial  nerve  is  afforded  communicatiDg 
branches  with  both  the.^/A  and  the  glosso-pftarifngeal  nerres. 

One  of  the  muscles  of  the  face,  the  buccinator,  which  is 
supitlied  exclusively  by  the  facial  nerve,  plays  a  most  impor- 
tant jKiit  in  mastication  as  well  as  in  expression  ;  hence,  when 
Ihc  facial  nerve  is  jiaralyze*!,  the  cheek  can  no  longer  force 
the  fciod  between  the  teeth,  and  a  tendency  towanl  acciinmhi- 
tion  of  food  within  the  cheek  of  the  affected  side  beoomes  bo 

'  CaqH-nlrr,  op,  tit. 

*8ir  Clinrica  Bell.  "  Anatomr  of  Eipre^^oii."  S«o,  alra,  inklc  t;?  Ilw  ■uthat,  "TW 
Hunun  Face:  iu  HodlBcBtioiu  Id  Jlualtli  uml  Di^-ow,  civ.,''  "Nsw  York  Xvi.  Amk,* 
September,  l«ga 


PHYSIOLOGY  OF  THE  FACIAL  NERVE.  189 

distressing  to  the  patient  that  the  fingers  are  frequently  em- 
ployed, during  attempts  at  mastication  of  the  bolus,  to  force 
the  food  between  the  jaws  by  pressure  upon  the  external  por- 
tion of  the  face/ 

The  value  of  this  muscle  in  expression  is  made  manifest  in 
those  acts  where  the  cheek  is  either  inflated  with  air,  or  where 
it  is  drawn  inward,  thus  indicating  the  states  of  emacia- 
tion or  extreme  hunger.  Much  of  the  success  of  a  comedian 
often  dei)ends  upon  the  control  which  he  possesses  over  the 
buccinator  muscle.  When  the /ac/aZ  nerve  upon  hoth  sides  is 
paralyzed,  mastication  is  almost  as  much  impaired  (on  account 
of  the  buccinator  muscles)  as  if  the  inferior  maxillary  ner\^e 
was  destroyed. 

The  flaccidity  of  the  buccinator  muscle  in  "Bell's  paraly- 
sis "  accounts  for  the  peculiar  puffing  movement  of  the  cheek 
which  accompanies  each  act  of  expiration^  giving  to  the  face 
an  api)earance  similar  to  that  noticed  when  puffing  of  a  pipe 
is  attempted ;  while,  in  those  rare  cases  where  the  facial  nerve 
is  i)aralyzed  upon  both  sides,  the  face  assumes  a  condition 
which  is  remarkable  for  the  entire  absence  of  expression,  and 
which  can  only  be  compared  to  the  effect  of  covering  it  with  a 
mask. 

Many  of  the  muscles  of  the  face  are  of  value  as  guides  in 
diagnosis^  since,  in  certain  types  of  disease,  some  parts  of 
the  face  are  more  affected  than  others.*  This  subject,  how- 
ever, is  too  complicated  to  be  hastily  reviewed,  and  it  has  suffi- 
cient value  to  merit  its  special  considei-ation. 

It  may  be  perceived,  by  reference  to  the  diagrammatic  rej)- 
resentation  of  the  branches  of  the  facial  nerve,  that  the  tern- 
parO'facial  branch  animates  all  of  the  muscles  of  the  upi)er 
I)art  of  the  face,  while  the  cervico-facial  branch  supplies  the 
lower  region  of  the  face  and  portions  of  the  neck. '  Tliis  ex- 
plains why,  after  the  temporo-facial  branch  has  been  divided, 

'  A.  Flint,  Jr.,  op.  eit. 

*  See  article  by  the  author  on  "  The  Human  Face ;  its  Modifications  in  Health  and 
Disease,  and  its  Value  as  a  Guide  in  Diagnosis : "  "New  York  Med.  Jour.,"  December, 
1880. 

'  Sec  page  179  of  this  volume. 


as  lias  occuiTed  in  tiperatitms  upon  the  cheek,  the  eye  it 
wide  open  even  during  sleep;  the  lower  lid  bei^men  ecrrted 
fi-om  traction  of  the  parts  below,  and  also  from  the  effect  of 
gravity ;  the  occipito-frontalis  and  cnrrugator  swpercilii  ran 
no  longer  make  either  transverse  or  pei-pendicular  wrinklia 
upon  the  forehead ;  and  the  upper  portion  of  the  face  iti  ab- 
normally smooth  and  passive,  wliile  the  lower  portion  pTP- 
serves  all  its  normal  power  of  movement. 

Should  the  cervico-facial  branch  become  alone  imiKured, 
the  power  of  prehension  of  food  by  the  lips  is  arreste*!,  the 
action  of  the  buccinator  in  mastication  is  stopped,  and  that 
process  is  proportionately  interfered  with  ;  the  diffastrie  and 
styl-o-hyoid  muscles  are,  however,  not  ptiralyzed,  since  the 
special  branches  to  those  muscles  are  given  off  above  the  uri- 
gin  of  this  branch,  and  thus  deglutition  is  not  embarmssecL 

CLINICAL   POINTS   AFFORDED    BY   THE   FACIAL   NERVE. 

The  diseases  which  affect  the  facial  nerve  may  produce 
the  different  varieties  of  facial  spasm  and  paralysi* ;  Ih«   ■ 
former  being  the  result  of  some  lesion  which  creates  (dmply 
irritation,  while  the  latter  indicates  some  existing  pressnre  or 
degeneration,  which  impedes  the  free  action  of  the  nerve. 

SPASM    OF  THE    Ul'SCLES  OP  THE    FACE. 

In  a  class  of  cases,  by  no  means  infrequent,  facial  spasm  is 
perceived,  to  a  greater  or  less  degree,  as  the  result  of  wme 
cause  of  irritation  to  the  nerve  tihiments  of  the  trunk  nf  thf 
facial  nerve,  or  to  some  of  its  brandies.  These  mimic  siuwibs, 
or  *'  convulsive  tic,"  ai-e  dejyendent  upon  an  heretlitarj"  trti- 
dency,  in  some  instances;  since  reported  cases  exist  whm 
the  second  generation,  and  even  the  thinl,  has  manifesteil  ihi* 
symptoms  of  facial  spasm.  We  also  meet  this  condition  as  .in 
accompaniment  of  epilepsy,  eclampsia,  hysteria,  t«tana^  ami 
chorea  ;  again,  in  certain  mental  diseases,  where  the  bnUn  or 
its  investing  membranes  are  affected ;  and,  finally,  we  seeJI 
developed  under  exfni ordinary  periods  of  excitement. 

Cases  are  on  record  where  simple  ejqwsure,  wounds  of  ihf 
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face,  and  pressure  upon  the  peripheral  filaments  of  the  facial 
nerve  have  resulted  in  facial  spasm.  Perhaps  this  condition 
is  most  frequently  met  with  as  an  evidence  of  some  r^x  act^ 
excited  through  some  other  cranial  nen^es ;  hence  we  find  it 
associated  with  such  causes  of  irritation  as  caries  of  the  teeth, 
I)eriostitis,  inflammatory  affections  of  the  eyeball^  lids,  or  con- 
junctiva. Remak  reports  a  case  where  a  diseased  condition 
of  the  brachial  plexus  caused  spasms  to  start  in  the  hand  and 
progress  along  the  side  of  the  neck  to  the  face,  again  illus- 
trating the  reflex  character  of  the  disease. 

It  is  such  cases  as  these  latter  that  often  test  the  ana- 
tomical knowledge  of  the  diagnostician,  since  a  command  of 
the  various  anastomoses  of  ner\'es  often  enables  the  skilled 
anatomist  to  detect  the  seat  of  irritation  far  from  the  apparent 
seat  of  disease,  and  thus  to  obviate  a  distressing  condition  by 
some  simple  medicinal  or  surgical  remedy. 

The  spasms  of  the  facial  muscles  may  assume  either  the 
tonic  or  clonic  character.  The  former  variety  is  observed  in 
such  conditions  as  tetanus,  the  late  rigidity  of  paralyzed  mus- 
cles, and  the  irritation  following  upon  severe  exposure  and 
too  intense  faradization  ;  while  the  latter  are  the  most  com- 
mon, and  result  in  those  convulsive  twitchings  of  the  forehead, 
eyes,  eyelids,  nose,  mouth,  cheeks,  and  tongue,  which  pro- 
duce the  most  extreme  and  often  ludicrous  distortion  of  the 
features.  I  have  known  such  clonic  spasms  of  the  face  to 
be  produced  by  the  irritation  of  worms  in  the  intestine  in 
children,  and,  in  one  case,  to  follow  uterine  disease  in  an 
adult.  A  peculiarity  of  these  spasms  is,  that  certain  muscles 
seem  to  contract  in  a  regular  sequence  or  rhythm,  and  that, 
although  the  contraction  may  be  prolonged  and  severe,  no 
fatigue  is  usually  complained  of  by  the  patient. 

PARALYSIS  OF  THE  MUSCLES  OF  THE   FACE. 

The  general  appearance  of  a  sufferer  from  a  well-marked 
attack  of  "  Bell' s  paralysis  "  has  already  been  depicted  in  a 
cut/  and  described  in  the  preceding  text,  under  the  effects 

*  Sec  page  181  of  this  volume. 


of  section  of  the  facial  nerve ;  but  many  points  of  pi 
value  pertain  to  this  condition  which  have  not  as  yet  been 
mentioned,  and  which  help  greatly  in  malting  a  diagnosis  as 
to  the  exciting  cause  and  the  seat  of  the  existing  lesion.  The 
symptoms  produced  by  any  impairment  to  the  free  action  nt 
the  facial  nerve  vary  to  a  marked  extent  with  the  degree  trf 
the  paralysis,  and  the  individual  branches  which  mny  be  in- 
volved ;  and  distinctions  between  the  various  forms  of  (urlul 
paralysis,  met  with  in  a  large  clinical  field,  have  been  devel- 
oped, by  the  investigations  of  Romberg,  from  those  geoeral 
propositions  first  advanced  by  Bell. 

In  stndying  the  types  of  fiicial  paralysis,  we  naay  »tart 
with  advantjige  by  i-eviewing  the  different  groups  whirh  are 
clinically  recognized.  These  may  be  enumerated  as  the  r«/fa- 
cranial ;  the  aiiditory  (where  the  existing  lesion  is  eonfiwd 
to  the  interior  parts  of  the  temporal  bone) ;  the  rheuiaaiie; 
the  traumatic;  the  syphilitic;  and,  finally,  the  dip?ilheritic 
form.  AVe  may  also  have  the  panilysia  confined  to  one  sWe 
of  the  face,  the  unilateral^  or,  affecting  both  sides-of  the 
fece,  the  bilateral,  or  facial  diplegia. 

In  the  inira-cranial  form  of  facial  paralysis,  the  leska  of 
the  brain  is  usually  confined  either  to  the  base,  or  to  the  poos 
Varolii.  If  the  pons  Varolii  is  affected,  the  facial  nervt*  will 
not  I>e  alone  involved,  as  a  nile,  but  a  partial  »>r  complet*- 
hemiplegia  will  usually  exist,  which  will  be  on  the  samesid^ 
of  the  body  as  the  facial  paralysis,  provided  the  upper  {an- 
terior) half  of  the  pons  is  the  seat  of  disease,  but  on  the  dtle 
opposite  to  the  facial  paralysis  (crossed  paralysis'),  if  tfe 
lower  (i»o8terior)  part  of  the  fjons  is  affected.  Tliere  is,  p«* 
haps,  no  point  in  the  anatomy  of  the  enceplialon  which  isirf 
more  certain  value  to  the  diagnostician  than  tlw  fart,  fil* 
pointed  out  by  Gubler,  thut  a  line  drawn  transversely  aero* 
the  pons  Varolii  at  the  jxiints  of  escajie  of  the  trigenuid 
marked  the  spot  of  probable  decussation  fif  fibers  of  the  facial 
nerve ;  so  that,  if  a  lesion  be  anterior  to  this  line,  the  fadal 

iLc  various  tTpco  ini-l  citb,  N*  p«p  U  Of  di> 


CAUSES  OF  BELL'S  PARALYSIS.  193 

paralysis  will  correspond  to  the  hemiplegia,  but,  if  behind 
that  line,  the  condition  of  "crossed  paralysis"  of  the  facial 
and  body  type  will  be  produced.  A  point  of  some  diagnostic 
value  in  the  detection  of  intra-cranial  lesions,  by  means  of 
the  facial  nerve,  is  afforded  by  the  degree  of  the  facial  paraly- 
sis, since  it  is  usually  complete  if  caused  by  lesions  of  the 
pons  Yarolii  or  by  the  pressure  of  tumors  of  the  base  of  the 
cerebrum. 

The  second  form  of  facial  paralysis,  viz.,  that  dependent 
upon  some  abnormal  condition  within  the  temporal  hone^ 
is  liable  to  follow  suppuration  or  haemorrhage  within  the 
aqueduct  of  Fallopius;  scrofulous  caries  of  the  temporal 
bone;  local  degeneration  of  the  nerve  within  the  aqueduct 
of  Fallopius  ;  local  pressure  upon  the  nerve  from  tumors, 
etc.;  and  traumatisms  of  all  kinds,  of  sufficient  intensity  to 
injure  the  deeper  parts  or  to  directly  involve  the  nerve 
itself. 

If  you  will  recall  the  anatomy  of  the  facial  nerve  within 
the  aqueduct  of  Fallopius,  and  the  branches  which  are  given 
off  in  that  canal,  you  will  be  better  able  to  appreciate  the 
I)oints  afforded  by  this  anatomical  knowledge  in  the  diag- 
nosis of  the  seat  of  a  lesion  which  is  causing  facial  paraly- 
sis. We  have  already,  in  connection  with  the  effects  of 
section  of  the  facial  nerve,  mentioned  the  facial  deformity 
which  ensues ;  and  the  same  description  will  answer  for  the 
effects  of  disease  of  the  nerve,  or  pressure  upon  it,  after  it 
has  escaped  from  the  stylo-mastoid  foramen.  But  the  symp- 
toms to  which  I  now  propose  to  call  your  attention  are  not 
included  in  that  description,  since  they  are  due  to  branches 
which  are  given  off  by  the  facial  nerve  before  it  escapes  from 
the  temporal  bone ;  although  the  same  facial  deformity,  and 
all  the  evidences  of  impairment  of  the  nerve  on  the  distal 
side  of  the  stylo-mastoid  foramen,  will,  of  necessity,  be  also 
present. 

If  the  lesion  be  situated  above  the  point  of  origin  of  the 
chorda  tympani,  but  on  the  distal  side  of  the  petrosal  nerves, 
the  sense  of  taste  will  probably  be  affected  on  the  correspond- 
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ing  side  of  the  anterior  two  thirds  of  the  tongiie;'  but  the 
sense  of  taste  is  not,  as  a  nile,  abolished,  although  it  is 
greatly  diminished  in  aruteness.  How  this  nerve  affeota  Ibo 
sense  of  taste,  and  the  various  exiwiiments  which  have  been 
recorded  concerning  it,  will  be  found  by  reference  to  pteved* 
ing  pages.' 

If  the  lesion  of  the  facial  nerve  lie  situated  behind  the 
ganglionic  enlargement  from  which  the  three  petrosal  nerrw 
arise,  the  patient  will  reveal  a  depression  of  the  arv7t  <f  (he 
palate  upon  the  affected  side ;  thns,  it  will  be  seen  to  hang 
lower  than  the  healthy  side,  and  to  approach  a  stniight  line 
along  its  free  edge,  rather  than  that  of  a  marked  curve,  as  in 
health.  This  is  due  to  the  paralysis  of  the  levator  palali 
muscle,  which  is  supplied  with  motor  power  from  Merkefs 
ganglion,  through  the  large  petrosal  nerve.  In  addition  to 
this  deformity,  the  soft  palate  is  drawn  toward  the  itnaffedrd 
side  by  the  tensor  tympani  muscle,  since  the  sam«  ma-ole 
of  the  paralyzed  side  is  no  longer  capable  of  acting,  as  it  is 
supplied  by  the  small  petrosal  nerve.  The  distribarion  of  the 
small  peti'osal  nerve  to  the  otic  ganglion  still  further  explains 
why,  in  this  tyjie  of  cases,  the  sccreti&n  of  the  parotid  gJtmd 
of  the  affected  side  is  diminished ;  while  the  intimate  aaso- 
ciation  of  the  chorda  tynii>ani  nerve  with  the  snhmaxittary 
gland  accounts  for  deficient  secretion  from  that  source. 

It  has  been  observed  that  the  sense  of  hearing  bvcomet  ex- 
cessinely  acute,  when  the  facial  nerve  is  affected  on  the  proxi- 
mal side  of  the  \yomi  of  origin  of  the  petrosal  nerves.  ThU 
may  possibly  be  due  to  the  pjiralysis  of  the  ten.sor  tympani 
muscle,  as  suggested  by  Landnuzy.  since  that  muwle  is  Hup- 
plied  with  motor  power  by  a  iilament  derive<l  from  the  otir 
ganglion  ;  although  the  investigations  of  Brown- Si'-qunrd  w^w 
to  point  to  a  vaso-mntor  spasm  of  the  intemal  ear.  rpsultini? 
in  a  condition  of  hyperesthesia  of  the  acotistic  nerve. 

The  third  form  of  facial  pamlysis  occurs  in  eonnocti'* 

'  The  TvtAtr  a  referred  to  those  pages  in  which  thu  punUlorj  tnnch  u(  ll*  W* 
Mrre  I*  iIUcusmiI,  b'idcc  auihoriiies  lUSer  u  lo  tlie  tbIuc  buiI  iDl<rrprvtaiiua  ol  tlu*  fT^P 

*  S«c  pags  160  of  thii  Tolumc. 
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with  the  rheumatic  diathesis.  It  is  well  known  that  the  in- 
fluence of  cold,  which  is  particularly  liable  to  favor  rheu- 
matic manifestations,  is  more  keenly  felt  in  the  region  of  the 
cheek  and  eyelids,  as  shown  by  Weber ;  and  the  experiments 
of  Wachsmuth,*  upon  the  effect  of  cold  upon  the  vaso-motor 
fibers  in  the  region  of  the  stylo-mastoid  foramen,  also  point 
to  the  retardation,  or,  possibly,  the  entire  suppression,  of  the 
blood  supply  to  the  facial  nerve,  as  the  explanation  of  this 
type  of  paralysis.  A  mild  form  of  periostitis  in  the  bony 
canals,  through  which  the  different  branches  of  the  facial 
nerve  pass,  may  also  occur  in  the  rheumatic  tjV^  as  an  excit- 
ing cause. 

The  traumatic  types  of  facial  paralysis  may  involve  the 
entire  nerve  or  only  individual  branches.  Its  symptoms, 
therefore,  somewhat  depend  upon  the  situation  and  extent  of 
the  injury.  It  has  been  known  to  follow  severe  contusions  of 
the  face,  cheek,  or  neck,  incisions  made  by  the  surgeon,  saber 
cuts  and  gunshot  wounds,  the  compression  exerted  by  the 
forceps  during  delivery,  the  pressure  of  growing  tumors,  sup- 
puration within  the  parotid  gland  or  lymphatics  of  that 
region,  and  the  pressure  caused  by  extensive  or  deep  cica- 
trices. This  type  of  paralysis  is  often  extremely  obstinate 
and  of  long  duration,  and  may  be  permanent ;  since  the  nerve 
may  have  undergone  changes  in  its  structure  or  the  muscles 
may  have  become  impaired. 

In  syphilis^  facial  paralysis  is  sometimes  developed.    It 

may  thus  indicate  the  formation  of  intra-cranial  tumors  or 

meningeal  exudations,  which  either  press  upon  the  nen^e 

trunk  or  interfere  with  its  fibers  of  origin.     It  may  also  be  an 

evidence  of  extra-cranial  lesions,  such  as  i>eriostitis  of  the 

mastoid  region,  tumors  of  the  facial  or  cranial  bones,  or  sup- 

pnration  dei)endent  upon  x^aries  or  necrosis  of  the  temporal 

bone  (if  the  entire  nerve  be  affected),  or  of  some  of  the  facial 

bones,  if  individual  branches  only  show  evidences  of  pressure. 

Cases  are  on  record  where  the  symptoms  of  facial  paraly- 
sis have  followed  an  attack  of  diphtheria.    This  is  but  one  of 


'  As  quoted  by  Rosenthal. 


TEE  CRA7:iAL  NERVES. 

the  ^Tirious  forms  of  paralysis  which  are  frequently  obaervsd 
as  sequeliB  of  this  peculiar  blood  poison. 

It  may  be  well  to  hastily  review  the  i)rincipal  complics- 
tions  which  are  most  frequently  observed  in  connection  with 
facial  paralysis.  These  have  a  special  imiH)rtance  to  the  sri- 
entiflc  practitioner  in  enabling  him  t<i  diagnose,  not  only  tbf 
condition  of  the  patient,  but  also  the  seat  of  the  ejdsting 
lesion. 

We  have  considered  the  effects  of  lesions  within  the  nqne- 
duct  of  Failopius.  These  may  create  (in  addition  to  those  of 
the  facial  muscles)  symptoms  referable  to  the  impairment  of 
the  chorda  tjinpani  nerve  (see  page  193),  of  the  petrosal  nenw 
(see  page  104),  acoustic  manifestations,  or  an  effect  upon  the 
salivary  secretions. 

Intra^cranial  lesions  usually  cause  destruction  of  the  mo- 
tor power  of  the  entire  nerve,  and,  therefore,  of  all  of  its 
branches ;  hence,  we  are  liable  to  have  all  of  the  previons 
symptoms  present,  as  well  as  those  of  facial  deformity. 

Special  branches  of  the  nerve  may  be  individually  para- 
lyzed, and  thus  produce  symptoms  referable  only  to  ihow 
parts  in  which  the  motor  power  is  deficient.  The  anatomy  «( 
the  sepai-ate  branches,  as  shown  in  the  cuts  on  i)rerions 
pages,  will  help  you  to  understand  the  special  symptciros 
which  an  impairment  of  any  one  branch  would  prodoce. 

The  condition  of  bilateral  facial  paralysis,  or  ^^/actal 
diplegia,"  is  a  rare  form  of  disease.  It  implies  »oine  form  o( 
pressure  or  degeneration,  which  shall  affect  the  ner\-e  of  «ich 
side  simultaneously ;  hence  it  may  accompany  a  lesion  nitu- 
ated  in  the  ant<?rior  half  of  the  pons,  which  crosses  the  modian 
line ;  an  exostosis  of  the  interior  surface  of  the  )>a.silar  pTxtrtffi 
of  the  occipital  bone  ;  an  inti-a-cranial  aneurism  ;  an<l  the  piwi- 
ence  of  excessive  meningeal  exudation  at  the  base  of  the  bnis. 
It  sometimes  accompanies  the  condition  of  labio-gloewo-pha- 
ryngeal  paralysis  (Duchenne's  disea,se).  provided  the  lesion  ex- 
tends so  as  to  involve  the  nuclei  of  origin  of  the  facial  nerrei ; 
luid  is  occasionally  met  with  in  the  course  of  certain  rhrnnie 
cerebral  diseases.     Jaccoud  claims  that  the  spontaneous  alnt- 
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phy  of  both  facial  nerves  can  occur  without  an  exciting  cause 
of  a  local  character  being  detected  ;  and  the  same  opinion  is 
maintained  by  Pierreson,*  who  found  a  hyperplasia  of  the 
connective  tissue  of  the  nerve  and  the  development  of  amy- 
loid corpuscles  to  constitute  the  pathological  changes. 

This  type  of  paralysis  may  be  due  to  peripheral  causes, 
such  as  exx)osure  to  intense  cold,  as  in  sleigh-riding,  rheu- 
matic inflammation  of  the  nerves,  and  diseases  of  the  x)etrous 
I)ortion  of  the  temporal  bones  (necrosis,  caries,  syphilitic 
otitis,  suppurative  inflammation  of  the  middle  ear,  etc.). 

The  exi)eriments  of  Schiff  upon  animals  in  whom  both 
facial  nerves  had  been  divided,  and  the  investigations  of  Trous- 
seau, Wachsmuth,'  and  Davaine,  have  heli)ed  to  clear  up  the 
effects  of  this  double  lesion,  and  to  render  its  diagnosis  from 
Duchenne's  disease  more  positive  than  our  previous  knowl- 
edge would  permit.  In  the  human  race,  this  condition  is 
characterized  by  the  following  symptoms :  a  fixed  and  im- 
movable countenance,  a  i)eculiar  drooping  of  the  angles  of  the 
mouth,  a  collapsed  appearance  of  the  nostrils  during  inspira- 
tion, a  sinking  inward  of  the  cheeks  during  the  inspiratory 
effort,  and  a  protrusion  or  inflation  of  the  cheek  when  the  air 
is  expired.  The  tone  of  the  voice  becomes  of  the  most  dis- 
tinctly nasal  quality,  and  the  patient,  from  the  inability  to 
pronounce  the  labial  consonants,  is  almost  unable  to  make  the 
simplest  sentences  intelligible.  In  consequence  of  paralysis 
of  the  buccinator  muscles,  which  are  supplied  by  the  facial 
nerves,  the  act  of  mastication  becomes  embarrassed,  and  de- 
glutition is  greatly  interfered  with ;  hence  it  is  not  uncom- 
mon to  see  such  patients  use  the  finger  to  push  the  food  into 
the  grasp  of  the  isthmus  of  the  fauces,  so  as  to  swallow  the 
bolus.  When  the  head  is  inclined  forward,  the  saliva  runs 
from  the  mouth,  in  spite  of  all  efforts  to  prevent  it.  The  con- 
dition of  the  eyes,  *  which  remain  wide  open  on  account  of  the 

'  Ab  quoted  by  Rosenthal. 

'  Ab  quoted  by  Hammond. 

*  In  both  the  uniUteral  and  bilateral  forms  of  facial  paralysis,  the  patient  often  can 
AToid  the  irritation  of  dirt  and  the  intense  light  by  closing  the  eyelids  with  the  pressure 
of  the  finger,  or  by  a  strip  of  adhesive  plaster. 
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paralysis  of  the  orbicularis  palpebranun  muscles,  affords  s 
most  important  point  in  the  diBcrimination  between  this  dis- 
ease and  the  paralysis  of  Duchenne.  So  marked  is  this  de- 
formity that  Ihe  patient  can  not  wink,  and  thus  tlie  tears  are 
not  distributed  over  the  globe  of  the  eye,  to  wash  off  any  dust 
which  may  enter ;  while,  on  account  of  the  paralysis  of  the 
tensor  tarsi  muscle,  the  tears  are  not  drawn  into  the  lachry- 
mal sac,  and  therefore  tend  to  flow  over  the  cheek  and  cimU 
scalding. 

TtlE  AUDITORY,  OR  EIGDTII   NERVE. 
This  nerve  is  strictly  one  of  special  sense,  namely,  that  of 
hearing.     It  arises  from  a  gray  nucleus  in  the  floor  of  ibe 
fourth  ventricle  (where  its  fibers  form  the  so-called  "]ine« 


FlO.  90. — A  diagram  nfVtc  suSfary  n 


d\Uh\ 


1,  avUlori/  ntrvt,  fiilcring  the  mtahu  attJilonm  htlmnu;  2,  oommuDlcsliOf;  filamnl*  w 
ihe/aciat  nn-i-F,  ^leo  off  in  the  inlfntal  midttari/  eanal  ;  S,  filammU  siroi  of  U 
fuppi}'  Ibe  ttxidra  ;  4,  fil&mcntB  givm  off  to  lupplf  tbe /»ifn-tar  Kmuiratlar  oaMt, 
S.  filnniMiU  given  off  to  supiiil;  the  taemle  ;  S,  Glamentii  pvra  off  to  npplj  ibi  i*i 
df  :  7,  SlamcDtS  given  off  K>  euppi j  the  stfrmaf  tnHiarcutar  tatml  ,■  8,  AltunUBU  giRi 
off  to  lUppI;  the  ampullir  of  thf  ntperiur  tfntieireatar  ennal. 


transversie  "  wliich  decussate  in  the  median  line),  and  also,  in 
part,  from  the  resfiforvi  hoily  of  the  medulla  oblongauu  II 
is  claimed  by  Poville  that  its  fibers  may  1k>  also  traced  to  Ihe 
Jlocculv^  and  the  gray  matter  of  (he  cerebellum,  and,  from 
recent  statements  of  Lockhart  Clarke,  additional  fibers  may 
be  traced  from  the  auditory  nucleus,  which  pass  directly 
through  the  restiform  body  of  the  mediiUa. 

The  course  of  the  nerve,  as  far  as  the  orifii«  of  the  intenuU 
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_  till 


auditory  canal,  lies  parallel  with  that  of  the  facial  nen-e,  since 
the  same  arachnoid  sheath  invests  them  both,  but,  before 
that  canal  is  reached,  a  filament  is  given  off  from  both 
.these  nerves  to  form  an  intermediate  nerve,  called  the  "pars 
itermedia,"  or  the  "nerve  of  Wrisberg."  This  intermediate 
portion  is  now  supposed  to  be  the  chief  source  of  origin  of  the 
chorda  ty^mpani  nerve,  and  thus  to  be  connected  with  the 
special  sense  of  taste. 


>T. — Ditlribiilion  ofthf  coahlmr  iitert  in  Iht  npiral  lamh 
ii/rom  lie  right  ride  and  h  um/rom  itt  <inlero-iH/fH 
I,  trunk  of  the  cochlcnr  nerrv ;  S,  3,  3.  membmnoiu!  lone  of  the  spiral  lamina ;  3,  8,  8, 
tenuliial  expanrion  of  the  coohlpor  nerve,  eiposcd  in  ita  wliole  eilent  by  the  removal 
of  the  ouperior  plate  of  the  lamina  epiralia  ;  4,  orifiee  of  conimunicallon  of  the  scsla 
tytupani  with  ibe  scnla  vcalibuU. 


The  color  of  the  auditory  nerve  filaments  is  grayish.  The 
filaments  differ  from  those  of  the  other  cerebro-spinal  nerves 
(excepting  those  of  special  sense)  in  having  a  softer  consist- 
ence. Some  of  the  later  researches  seem  to  show  that  the 
niaments  of  this  nerj'e  are  destitute  of  the  "white  substance 
of  Schwann,"  and  thus  resemble  tTiose  of  the  olfactory  nerve, 
while  the  aicis  (flinders  are  of  very  large  size  as  compared 
with  those  of  other  nerves.  It  is  also  claimed  that  small,  nu- 
cleated, ganglionic  enlargements  can  be  demonstrated  along 
the  course  of  these  Jibers  of  the  trunk  of  the  nerve,  but  the 
minute  anatomy  of  the  auditory  nerve  is  yet  a  subject  for 
further  investigation. 

Within  the  internal    auditory  canal,   the   eighth    nerve 
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divides  into  two  branches,  the  anterior  of  which  supplies  the 
cochlea,  while  the  jwsterior  branch  is  distributed  to  the  semi- 
circular canals  and  to  the  saccule  and  vestibule.  These  two 
main  branches  are  given  off  close  to  the  meatus  anditorius 
internua. 

At  the  bottom  of  the  internal  auditory  canal,  the  threfl 
subdivisions  of  the  vestibular  nen^e  pa-ss  through  small  open- 


FlO.  fi8. — Ociural  ••tea  of  tKt  organ  of  hearing.     (Sapp^.) 
1,  pinna ;  3,  cicitj  of   the  cancba,  OD    the  wills  of  vhich  are  ceen  the  otiSo 
cruat  nuiubcr  uf  Beb!ict»>u9  pliLnds ;  S,  eilerasl  a,uA\uiry  moaliu ;  4,  anpil 
jcctioQ  formsd  hy  the  union  of  the  anterinr  portion  of  Ihe  con^a  with  the  p 
wall  of  the  aaililOTT  canal ;  B,  opfninga  of  the  ccrumlnous  glands,  llie  moM 
of  which  fonn  a  curved  line,  which  corrrspondA  with  the  b«fniu>^ng  of  lb* 
portion  of  the  eitemal  meatus ;  S,  incnibruia  tympani  and  tlie  daatle  tintn 
bniDe  which  forma  its  border ;  7,  anterior  portjon  of  the  incna ;  8,  matlana ; 
die  of  the  malleus  applied  to  the  iatdmal  surface  of  the  mrmbmia  t7iii|>ul, 
draws  inward  towanl  lbs  projection  of  the  promonlor]' ;  10,  t«uaor  tTmpni 
the  tendon  of  which  is  rejected  at  a  right  angle  to  becoino  attached  to  tba  i 
portion  of  the  handle  of  Ibe  iDallenBi  1).  Ijmpaoic  vavjiy;  12,  EnitaAiaal 
iDtcrnal  or  pbaryngeal  cxtremlt;  of  which  has  been  remoted  bja  Metion 
dicular  to  its  curve;  13,  superior  semidrcular  canal:  14,  posterior  smik' 
nal:  IB,  eileraal  nemidrcular  canal ;  16,  cochlea;  17,  intemal  ■mtilotj' 
fadal  nerve  ;  19,  lurf^  petrosal  brsncli,  ipven  off  from  the  p«nf[llQfoi~   ~~ 
of  the  facial  and  patinin);  IkIow  the  cocblca  lo  go  to  its  dlstrlbation 
branch  of  the  auditory  nvrrc  ;  21,  cochlear  branch  ol  the  aaiUtorT  nei 

lags  in  a  cul-de-sac  situated  at  that  point,  and  are  dutribnted 
(o  the  utricle,  the  saccule,  and  the  three  ampnllie. 

Tlie  cochlear  ner\c  which  is  the  rUher  main  branch  of  the 
auditoiy,  enters  the  base  qf  the  modiolus,  and  its  fUameata 
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subsequently  escape  from  the  central  canal  of  the  modiolus 
through  minvie  canalSj  which  enable  them  to  reach  their 
point  of  distribution  in  the  internal  portion  of  the  cochlea. 
The  terminal  filaments  of  this  nerve  are  now  believed  to  be 
connected  with  the  spiiKUe-sTiaped  cells  of  the  organ  of  Corti. 

It  is  imi)ossible,  within  the  compass  of  this  lecture,  to  en- 
ter into  the  minute  anatomy  of  the  ear  with  sufficient  detail 
to  enable  you  to  properly  appreciate  the  mechanism  by  which 
the  waves  of  sounds,  produced  from  without,  are  transmitted 
to  the  membrana  tympani,  and  subsequently  to  the  cochlea, 
where  they  are  perceived  by  the  auditory  neiTe  filaments.  To 
properly  appreciate  the  difficulties  which  arise  in  determining 
the  exact  method  by  which  the  human  ear  is  enabled  to  de- 
termine not  only  the  intensity  of  the  sound  perceived,  but 
also  its  pitchy  quality^  and  mvMcal  properties^  not  only 
would  the  anatomy  have  to  be  given  in  detail,  but  many  of 
the  laws  of  physics  discussed.  The  following  general  state- 
ments, however,  may  assist  you  in  studying  this  complicated 
subject,  and  afford  an  explanation  of  some  of  those  symp- 
toms of  disease  which  are  referred  to  the  ear. 

The  diagram  shown  you  on  the  blackboard '  is  designed  to 
assist  you  to  grasp  some  of  the  principal  points  in  the  ana- 
tomical construction  of  the  ear,  which  are  necessary  for  the 
clear  comprehension  of  the  physiology  of  audition.  It  can  be 
perceived  that  the  external  auditory  canal  and  its  accessory 
portion  which  we  call  the  ear  or  auricle  (which  is  placed 
on  the  exterior  of  the  skull  for  the  purpose  of  deflecting  the 
waves  of  sound  into  that  canal)  lie  external  to  the  membrana 
tympani ;  and,  for  that  reason,  all  of  these  parts,  viz.,  the 
cartilages  of  the  pinna^  its  ligaments,  the  bony  canal  leading 
to  the  membrana  tympani,  and  its  cutaneous  lining,  are  in- 
cluded under  the  general  term  ''  the  external  ear^"'  in  contrast 
to  the  chambers  which  lie  deeply  within  the  temporal  bone, 
called  the  middle  ear^  or  ''  the  carity  of  the  tympanum^^^  and 
the  internal  ear^  or  the  '^'labyrlntJi.^^ 

The  middle  ear^  or  "  tympanum^'^^  lies  between  the  mem- 

'  Sec  diagram  further  on  in  the  chapter. 
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brana  tympani  and  the  interaal  ear,  or  "labyrinth,"  and  b 
contained  within  the  petrous  portion  ot  the  temporal  bone. 
It  commv/nicates  ■with  the  pJmrynx,  by  means  of  the  Easta- 


Sto.  ^9. — A  diagram  to  illtatralt  tie  mtclumutn  of  Quad  of  Ktarimg. 
A,  the  avditorg  canal  (tbe  arron  ahowing  the  waves  of  loaDd  entering)  ;  B,  tb«  latib  ^ 
the  midiUt  rar,  or  "  Igmpatium  ") ;  C,  tbe  tlride,  oominiiDicitiaK  with  the  mmimm 
lar  ckOftls ;  D,  the!  lata^e,  cominun  ieating  with  the  uala  ralibiJi  at  the  eaHtf  e(  lb> 
ooclilea;  E,  (he  Kuitaehian  tube,  ftllowjng  of  the  entrance  ot  air  iolo  lb«  tjiUmm' 
from  the  pharynx  ;  1,  the  memhraita  tympani,  which  Sint  rocdTCI  the  v' 
the  iriTcs  of  Bound  ;  i,  the  ehain  of  bona,  which  tnonait  these  Tibntiaits  H 


■e  the  wBTe«  of  sound  return  to  the  cavity  of  the  middle  

(membrana  Ipapani  seaundaris)i  C,  the  ampulla  ot  the  semicircular  naaali ;  t^  1 
teraieircHlar  atnaU  ;  7,  the  ''  teala  vatAali  "  of  the  cochlea  ;  S.  the  rupola.  >l  IM  MB 
of  the  oorhles,  where  tbe  seals  lestibali  and  the  suala  tympani  of  the  codde*  Ml 
cachothtrr;  9.  the  "  leaia  Ijtmpam,'"  leatliDgdowQward  from  tbe  oup^  of  the  eaetha 
to  the  fortmea  rotundum ;  ID,  inlemal  audUory  caniU,   where  the  Bodltoty  B«rw 


chian  tube,  and  is  thus  enabled  to  afford  free  aooees  to  tlv 
air  of  the  external  world,  and  insure  the  same  density  of  at- 
mosphere on  both  sides  of  the  membrana  tympani.  It  is 
this  anatomical  arrangement  that  canses  gunners  to  hold  the 
mouth  wide  open  when  exploding  lai^  pieces  of  ordnance,  to 
avoid  a  rupture  of  the  membrana  tympani,  since  the  wares  of 
sound  can  thus  enter  the  Eustachian  tube  at  the  same  tins 
that  they  pass  dou-n  the  external  auditory  canal,  and  tte 
membrana  tympani  should,  theoretically,  be  made  to 


THE  MIDDLE  EAR.  203 

motionless,  if  the  Eustachian  tube  were  wide  oi)en,  since  the 
waves  of  sound  upon  each  side  of  the  membrane  would  neu- 
tralize each  other/  In  the  cavity  of  the  middle  ear,  a  cJiain 
of  small  hones  is  so  arranged  as  to  afford  a  source  of  trans- 
mission of  the  impulses  of  soxmd  from  the  membrana  tym- 
I)ani  to  the  fenestra  ovalis,'  which  is  closed  by  the  stapes* 


Fig.  70. — Omde%  of  the  tympanum  of  the  right  iide^  magnified  4  diamden.    (Arnold.) 

A,  malleiia ;  1,  its  head ;  2,  the  handle ;  8,  longi  or  slender  process ;  4,  short  process ;  B, 
incus ;  1,  its  body ;  2,  the  long  process  wiSi  the  orbicolar  process ;  8,  short,  or  pos- 
terior process ;  4,  arUcdar  surface  receiying  the  head  of  the  malleus ;  C,  stapes ;  1, 
bead ;  2,  posterior  cms ;  8,  anterior  cms ;  4,  base ;  C*,  base  of  the  stapes ;  D,  the 
three  bones  in  their  natural  connection  as  seen  from  the  outside ;  a,  malleus ;  6, 
incus;  c, stapes. 

and  its  annular  ligament.  This  chain  of  bones  is  STispend- 
ed  hj  B,  ligament  attached  to  the  roof  of  the  middle  ear,  and 
the  separate  bones  are  connected  together  by  joints*  lined 
with  synovial  membranes,  so  that  the  slightest  movement  is 
readily  carried  from  one  to  the  other.  Muscles  are  also  at- 
tached to  these  bones,  for  the  object  of  bringing  the  mem- 

^  Valsalra's  method,  "  which  consists  of  making  a  powerful  expiration,  with  the  mouth 
and  nostrils  closed,"  is  also  used  if  the  ear  be  stopped  with  cotton  at  the  same  time. 

*  A  doctrine  first  suggested  in  1851  by  Edward  Weber,  and  subsequently  verified  by 
experiments  in  1868  by  Politzer. 

'  One  of  the  small  bones  of  the  middle  ear. 

*  Helmholtz  first  described  the  exact  nature  of  the  joint  between  the  malleus  and  the 
incos.  He  compared  it  to  *^  a  joint  used  in  certain  watcb-lccys,  where  the  handle  can  not 
be  tnmed  in  one  direction  without  carrying  the  steel  shell  with  it,  while  in  the  other  direc- 
tion it  meets  with  only  a  slight  resistance/'  This  device  assists  to  convert  the  bones  into 
a  state  of  resistance,  resembling  that  of  a  solid  piece  of  bone,  when  muscular  action  locks 
this  Joint  firmly. 


brana  tympani  and  the  bonea  themselves  into  the  best  posa- 
ble  condition  for  the  accurate  appreciation  of  eoQn<i  im- 
pulses." The  cavity  of  the  middle  ear  is  in  communiralion 
with  the  cells  in  the  mastoid  portion  of  the  temporal  bon?. 
and  some  additional  effect  may  be  thus  produced  upon  ihe 
vibrations  of  the  air  within  the  middle  ear.' 


1,  the  ride  cual,  the  boginning  of  the  spiral  canst  of  thp  kmIiIm;  S,  |]w  (HMfln  l» 
tiintia;  S,  tho  second  turn  of  tlie  coobleft ;  4,  the  finftl  half  turn  of  iIh  mcUh: 
fi,  the  border  of  the  bonj  wall  oE  the  vestibule,  litiutul  between  lb*  eodilta  ni 
the  semidrcuUrcamilB;  B,  the  Bupcriur,  or  sa^tl&I  •enilclr<nilM'CUu];  7,  tbriwtbi 
of  ihc  Buperior  Mmidrculsr  cannl  bent  outward ;  S,  the  ponertor,  or  tnaotia 
semidrvular  eaaul ;  9,  Ihe  portion  ol  the  posierior  coBDccted  wtlb  the  Mipvfar  a^ 
eircular  canal ;  10,  point  of  junction  of  the  superior  aud  tbu  poaWrior  MnUNsltf 
canal:  11.  the  ampulla  oBsca  eitema;  12,  the  horuontal,  or  oxtcriMl  -r'"''*— ^ 

The  internal  ear,  or  "t-^^rt/ifh,^'  lies  within  the  petrous 
portion  of  the  tempoml  bone,  and  internal  t^o  the  tympaDnm. 
It  consists  of  a  series  of  chambers,  hollowed  not  within  the 
bone,  called  the  resd'hvle,  the  rochha,  and  the  smiieirrular 


'  The  tf 


<r  ti/mpmi  muscle,  on  aocount  of  a  peculiar  amngenictit  of  llw  )afan  hp' 
twcrn  the  malleus  and  the  Incus,  renden  all  the  artteiilalioiu  firm.  tifEhten*  the  llule  1^ 
tnrea,  and  prestea  llie  atapee  aeaiiul  the  feneaira  oralia,  thna  brio^ng  tl  In  oaMMt  ■M 
the  fluid*  of  the  *c«llbule.     See  foot-note  on  pnp  SOS. 

>  Por  the  BUrcical  application  of  ihiH  arranjcement,  see  aidole  on  ibe  btaw  •(  Ai 
beail,  bj  the  aulbur,  "  New  York  Uvdical  Reeonj,"  OcU>ber  IS,  1880. 


I  af  Ihr  lab'/rinth,  vrKtiliutt,  /iitd  aemieircular  eanc 
graph,  nnd  lomnehat  reduced.     (Itiidiii^iT.) 
Dpper  flgnra:  1,  utricle ;  2,  hkcciiIc  ;  3,  S,  metnbratiouB  cochlea ;  i,  oinalis  rpiiniciie ;  6, 
■emiiiraulnr  cuiibI». 

f«r  flgnr*:  I,  utricle;  S,  Mccule;  3,  4,  6,  ampulla?;  a,  T.  S,  l>,  scmidrcular  vauals; 
10,  auditory  Dertc  (paHlv  diagnimniiitic);  II,  13,  13,  14,  Ifi,  di^iiibutioti  of  the 
bnncbd  of  the  nene  to  the  vestibule  sad  the  aemicin'ulai'  cui«U ;  Id,  gBngliotortn 
enlBr^cmenl. 


Itranovs  labj/rintk"  and  is  an  exact  reprotliiction  of  the 
bony  lalijTinth.  except  that  it  is  smaller  in  point  of  size,  8o  as 
to  admit  the  presence  of  fluid  Iwtween  it  and  the  bone.  It 
serves  as  a  support  for  the  termin^lfllammts  of  the  auditory 
Tterve,  which,  by  being  suapended  between  two  llnids,  are  en- 
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abled  not  only  to  jierceive  the  slightest  vibrations  of  the 
fluids,'  bu*  are  also  thus  protected  from  the  possibility  of  in- 
jury, which  would  be  great  were  they  placed  in  contact  with 
the  bone.  The  memI)ranon8  labyrinth  which  fills  the  caritr 
of  the  vestibule  is  divided  into  two  portions,  called  the  saccule 
and  tlie  utricle;  the  former  of  which  commanicat«8  directly 
with  the  cochlea,  while  the  latter  commtmicotes  with  the 
semicircalor  canals,  as  can  be  seen  in  the  diagram. 

The  cochlea  is  essentially  that  part  of  the  internal  ear 
which  is  enabled  to  appreciate  most  of  the  important  element 
of  sound,  viz.,  its  note  and  qvality.''    It  consists  of  an  exca- 


ir 


Pia.  TR. — A  tratuttfrnt  ncction  nf  thf  rpiral  canal  0/  the  noehUa  (  £«framn  alif).' 
f.,  the  tcala  veM/uli ;  S.  U.,  the  ttaia  nudu ,-  S.  T^  Ihe  ■ 
bratu  of  ifriwner  ,*  2,  "  orgim  of  Qtrii,"  covered  by  the  " 


v.,  tbe  irala  vatibuli ;  S.  U.,  the  tola  media  ;  S.  T^  the  antte  Ifmpami ;  t,  •»» 
bratu  of  Hfiuner;  2,  "orgtin  of  Cbrti,"  covered  by  the  "  nwmfrwu  latfom.** 
"  intmbraiu  of  GorH "  ;  8,  mtii&rana  baiilarii  ;  4,  /tVjo 


whole  lea^Ih  of  (be  apini  canal  of  the  oochlea ;  ft,  upper  l&jer  of  (te  Itmmt 
ipiralU  OHfd  ;  S.  lower  layer  of  (he  lamina  ipiralU  oitm  ;  7.  >  nnre  Blanisl  » 
wping  from  the  central  eanal  of  the  modioliu,  uiil  going  to  the  oryan  ^  CWfJ ;  I,  i 
ganglion  att«cbcd  Id  Ihe  nerve  filsmoal,  culled  the  "  guigllon  ■{dralc;," 

ration  in  the  temporal  bone  which  resembles,  in  ita  consSnc- 
tion,  the  shell  of  a  snail,  having  a  central  pillar,  the  modto- 
lus,  which  runs  from  its  base  to  its  a\y^x,  and  a  spiral  emdy 

■  It  ii  ■  well-rccot'Diied  Uw  of  phyaica  that  the  fluids  transmit  vihratiaa*  Im  CWT 
direction  with  equal  force,  and,  therefore,  no  better  mediuiu  roold  potaibly  b*  badftr 
tbe  tiidilory  nerve  BJanienla  to  be  in  conlact  <rilh. 

'  l^inplctc  dotlruclion  of  the  foehlea  probably  atiaea  total  deafnoM,  vfaQa  daMnOia 
of  thfl  tmirifcular  ranoZi  doe*  not  s^in  (o  Imve  any  marked  effect  DpdB  ih*  aUB^  M 
a(>predalc  u>und. 

*  Vnm  Uia  "  EMmtiaU  of  ADitomy  "  (Darling  and  Ranney),  New  Toik,  ISML 


nnning  around  this  central  portion  for  two  and  a  half  com- 
plete turns.  The  spiml  canal  of  the  cochlea  is  divided  into 
three  jwrtions  called  the  scala  vestibuli,  scala  tympanic  and 

te  scala  media.'    The  Urat  communicates,  at  its  lower  part, 


t: 


74. —  YtTtieid  »retion  of  thf  organ  of  Cord  of  the  dog,  magnijitd  800  diamtUn. 

(W.ld6ji-r.) 
homopBiicciu  lijer  of  the  b&slUr  membrBtic  ;  v,  tirmpanic  layer,  wilh  nuclei,  gninu. 
Iftr  cell  proCoplum,  and  conoectiFe  llnue  ;  iii .  tjmpknic  lip  of  the  ciiela  spiralis  ;  e, 
thickened  portion  of  the  baBilar  Dieoibrane;  d,  spiral  tcbmI  ;  e,  blood-reiKl ; /,  A, 
bundle  of  nerves ;  g,  epithelium ;  i,  inner  hair  cell,  with  Its  tiaailar  process,  k  ;  I, 
beid-plale  ot  the  limer  pillar :  m,  union  of  the  two  pillars ;  n,  bMe  of  the  inner  ■ 
l'  pillar  ;  o,  base  of  the  outer  pillsr  ;  p.  g,  r,  outer  hair  cells,  with  traces  of  Ihe  dlia ; 

^f,  bases  of  two  other  hair  cells ;  e,  BenasQ'p  prop  cell ;  l-li,  Umina  retltfularis ;  u, 
□erie  fiber  passing  to  the  first  hair  cell,  p. 
th  the  vestibule  ;  hence  its  name  ;  the  second  terminates  in 
B  middle  ear,  and  hence  its  name ;  vrhile  the  third  ia,  in 
'  The  tiperimcnts  of  Laborde  (Dea  foncllona  dii  lima^n,  "Trib.  UM.,"  Seplembre 
IS,  18S0)  to  determine  the  function  of  the  cochlea  were  made  upon  the  Guinea-pig,  an 
■ninull  !n  •rhom  the  organ  is  partteularlj  icceasiblG.  The  following  facts  were  considered 
bf  him  as  fullj  proven  :  1,  Destruction  of  the  cochlea  had  no  elTecI  in  the  production  of 
TerUgo  or  dielurbancel  ot  coSrdlnalion ;  3,  destruction  of  the  cochlea  produced  complete 
de«tlieia,  which,  however,  did  not  appear  until  several  dots  after  the  operation. 

Be  concludes,  from  tbeeu  facts :  1,  That  the  a.udilory  nerve  contains  both  motor  and 
ni>»T3i  fibers,  Ibe  former  being  distributed  to  the  Ktiticircitlar  canalt,  tbc  latter  to  the 
toKule.  utridr,  and  toehlta ;  2,  tbat  the  cochlea  is  not  the  onl;  organ  (or  the  appreciation 
of  found,  since  the  utridt  and  laceult  participate,  to  some  unknown  extent,  in  that  tunc- 
iton ;  S,  that  the  deafness  which  occurs  after  excision  of  the  cochlea  alone  Is  probably 
due  t«  an  extension  of  inflammation  to  the  utricle  atid  saccule,  or  to  the  formation  of  a 
rilpd  cicatrix,  which  prevents  the  tmnsniission  of  an  auditorj  impulse  to  those  parts. 
Wliile  these  (acts  need  subsequent  confirmation  (since  tbe  cipcrimenta  are  by  nu  means 
coDcluiiTe),  they  are  worthy  of  due  consideration  in  the  diacussion  of  llils  complicated 
■■d  taaperfeotly  understood  organ. 
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reality,  but  a  space  partitioned  off  from  the  scala  X'eslibuU 
for  the  pi-otection  of  the  true  organ  of  hearing,  "  the  oi^wi 
of  Corti."  'i^e  preceding  diagram  (Fig.  73)  wiU  help  to  make 
this  plain  to  you. 

This  figure  represents,  in  a  diagrammatic  way,  the  apiw&r- 
ance  of  a  longitudinal  section  of  the  spiral  cord  in  the  c<»chlea, 
in  any  portion  of  its  two  and  a  half  tuma  around  the  medio, 
lus.  It  will  be  perceived  at  a  glance  that  the  canal  is  dind«i 
into  an  upper  (s.  v.)  and  a  lower  (s.  t.)  portion,  i)art]y  by  bone 
(5  and  6)  and  partly  by  membrane  (3),  It  will  also  l)e  readilv 
seen  that  a  portion  of  the  nscala  vestibuli  is  divided  off  by  the 
viembTane  of  Jteissner,  and  that  thus  a  separutv  ai^-ity  is 
formed  throughout  the  whole  length  of  the  spiral  canal,  called 
the  "scala  media."  AVithin  this  last-named  cavity  will  be 
noticed  a  body  covered  with  hair-like  processes.  •'  the  organ 
qfCarti,"  which  rests  upon  the  membrane  forming  the  floor 
of  the  scala  media,  and  called  for  that  reason  the  '^'■bimUaT 


FiO.  "n  — Tht  two  piltart  aflhe  organ  of  C'orti.    (Sippoy.) 

A,  cMcmal  pillar  of  tho  orffin  at  Oorti :  1,  bodj,  or  middle  portloi 

ity,  or  tttse ;  3,  cell  od  iu  mtemnt  Me ;  t,  nnlericir  eitrvmiijr ;  S,  toniei  wortaee  itf 
•rhich  ii  U  joined  to  the  internal  pillar ;  S,  |ira!oogMloD  of  this  txitftmtj. 

B,  inlerud  (dllar  of  the  organ  of  Corti :   I,  body,  or  middle  portkia  ;  2,  [Kntnkr  oti^ 

ity ;  3,  cell  on  its  eiiernal  eide :  4,  anterior  eMremJI; ;  S,  Hinoave  Hurfaar  hf  vlM 
it  is  joined  tu  tho  exU'mal  pillar ;  6,  prolongalioit,  Ijiug  abors  tbe  conwpc^bif 
prolongation  of  tbe  elteninl  pillar. 
C  tbe  two  pillars  of  the  organ  of  Coni,  united  hy  Ibeir  anterior  extrrmtlly,  and  fnoriK 
an  arcade,  ib«  n)DC««ltr  of  wbicli  kraka  outward:  1,  I.  budr,  or  mUrUa  poidsa 
the  pillars ;  i.  2,  pmterior  eitremitlea ;  3,  3,  celU  altiehed  to  tbe  nartMior  ■!«» 
itiea;  4,  4,  tnienor  eitremltieK  joined  together;  S,  terminal  prohiBgaltan  e(  dii 
extremity. 

membrane.'"  There  is,  furthermore,  shown  in  this  figure  tht 
means  by  which  the  terminal  filaments  of  the  cochlear  nerre 
(one  of  the  bmnrlies  of  the  auditory  nerve)  escape  from  the 
cen/rat  caiial  (^f  the  modiolus  and  reach  the  M-alu  media. 
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Stioh  a  figure  will  gi-eatly  assist  yun  to  properly  appreciate 

the  discussion  of  the  function  of  each  of  these  various  parts, 

.and  also  enable  you  to  grasp  the  principal  points  in  the 

hysiology  of  the  act  of  hearing,    which    are    to  be  con- 

dered. 

The  organ  of  Cort!  may  be  compared  to  a  harp,  since  its 

«  are  of  different  lengths.     It  is  a  continuous  structure  for 

She  entire  course  of  the  spiral  canal  of  the  cochlea.     Helm- 

lOltz  has  advanced  the  theory '  that  the  several  thousand 

iigs  of  this  organ  admit  of  the  appi-eciation  of  all  varieties 

f  musical  tone,  since  each  note  or  chord  creates  a  vibration 


I 


tofthf  cochlray  n^rr/  .n  Ih,-  s/.ini/  lamina  0/  llu  eochlea  {the  roc/Jea 

u  riffhl  mde  and  is  tttn  from  its  anlfro-in/erii/r  pari).     (Sappe;.) 
I^lnuik  of  the  cochlear  nerve;  3,  3,  2,  membrBivoua  woe  of  the  apiral  lamioa;  3,  3,  3, 
tcmuaal  eipsnaion  of  the  eoclilear  nerce,  exposed  in  its  vhole  extent  bj  the  reniaral 
of  the  vuperior  pl»te  oT  the  lamin*  epiralla  ;  4,  orifice  of  comuiunicBtioii  of  the  seal* 
tjTOpanl  with  the  ecala  vestibuli. 

1  those  strings  only  which  are  necessary  to  reproduce  it,  in 
lie  same  way  as  a  piano,  when  a  note  is  sounded,  will  create 
a  vibration  in  the  same  string  of  an  adjoining  instrument. 
Hensen,  however,  claims  that  the  basilar  membrane  is  com- 
posed of  elastic  fleers  of  narying  leagt?ts'  and  that  these 
separate  fibers  are  thrown  into  vibration  by  sounds  carried  to 
-the  cochlea,  which,  in  turn,  transmit  their  ribration  to  the 


■  This  tbect?  \i  oppaaed  bf  the  facts  that  the  radH  ot  t 
r  birdM,  who  cbd  uoqueBtionsbty  perceive  Bounil. 
ic  aalhors  this  theory  is  atlribuled  to  Uelmliolti. 
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organ  ot  Corti  lying  upon  them,  and  thus  inform  the  anditoty 
neiTe  filaments  of  the  effect  of  each  individnal  sound.' 

In  the  act  of  hearing,  the  vibrations  produced  within  the 
Tnembrana  tympani  by  the  waves  of  sound  are  transmitted 
across  the  cavity  of  the  middle  ear,  to  a  membnuie  rov«in^ 
an  opening  nearly  opp^jsite  the  external  drum,  calle<l  the 
fenestra  oval/'s,  by  means  of  a  chain  of  small  bones  vrhfain 
the  cavity  of  the  middle  ear,  and,  by  means  of  secondarj 
vibrations  thus  produced  within  this  latter  membrane,  the 
impulse  is  transmitted  to  the  fluids  of  the  vestibule.  The 
vibrations  now  travel  along  the  fluids  of  the  scala  restjbnli  A 
the  cochlea  and  of  the  semicircular  canals,  thus  pa^siiig  is 
two  different  directionB.  In  the  semicircular  canals,  accoid- 
ing  to  some  observers,  the  direction  from  which  tlie  sound 
springs  is  perceived,'  while  the  vibrations  carried  along 
the  scala  media '  in  the  cochlea  are  transmitted  to  the  fila- 
ments of  the  anditory  nerve  in  the  "  organ  of  Corti,^  ppob»- 
bly  by  means  of  vibrations  of  the  memhrana  bagilarU,  thus 
affording  the  appreciation  of  the  n«A?  and  the  quaiity  <■>{ 
the  sound  perceived.  After  reaching  the  apex  uf  the  curh- 
lea,  the  vibrations  are  transmitted  from  the  scala  vestihoB 
downward  along  the  course  of  the  scala  tympani  till  liiej 
reach  the  "merabrana  tympani  secundaria."  which  nwvn 
the  fenestra  rotunda,' where  they  are  lost,*  being  no  iotigft 

'  Tht  nuntAnwia  Itttaria,  or  "  membraM  of  CVirrt,"  probabl)'  ki*  u  >  dasptr,  <» 
KTWt  ttw  nbrUhNU  excilnl  wlthm  the  scala  media,  w  it*  aiiuttian  lugKciuiwotSKf* 
■Ible  function. 

*  The  ninotloQ  of  the  Kmimreular  c&itaifl  is  yel  a  matter  of  doubt,  baU  ia  m«  nob^ 
ing  the  attention  of  oiperimetitai  ptijsiologistt,  Tiwx  *^  auppowd  bj-  mtsna  amkn  ■ 
reiierc  Kreanst pramrr  within  thi-  labjrimh  when  tlie  stapes  b  <Jri»pn  too  totdblr  f^ 
ward ;  and.  b j  othere,  to  iari4«  the  JIuiJ  of  lAe  ^yn'nfA .'  irliile  bj  •om*  Ib^  He  aMit 
ered  to  Ik  the  oitemal  organs  uf  ooordination  of  muKuilar  moTonieiU. 

*  Tbe  ravculc  H)iumtuiiL-al(>s  with  llii^  scnla  media  br  moana  of  a  biimU  natl  (AMI- 
in  Fig.  ti),  calleil  the  "  cannliB  reunlems." 

*  An  opening  in  the  iimcr  wull  of  the  rnrilj  of  the  middle  ear. 

*  According  lo  some  aothoriiies,  the  tibra^uns  in  the  nienibrana  tjmptai  MC>Bl*k| 
•re  created,  sicnalttLneoarlj  with  those  at  tlie  fenMitra  oralis,  b;  the  rftintfan*  af  lli 
^r  io  the  middle  ear  created  bf  the  moTemeats  of  the  eitrmal  dram  menil— 
•D  tmpolw  thus  travels  <<imiiItaneoiisl7  along  the  scala  tjmpani  and  thr  *oala  t« 
tnth  ifiing  in  Ihe  «anu  iHTfttian.  lo  met't  eaoh  other  at  tlie  mpola.  Thef  onniidar  tli*  < 
dnin.  &t  tbe  toramea  rotnndum,  as  a  proof  of  tliis  function,  but  it  tsiut  be  appuwrt 
one  that  ali  (hu  openings  of  the  lalijrinlb  into  the  middle  ear  muM  be  oltMcd  in  agar  <^ 


i 
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transmitted,  on  account  of  the  absence  of  any  conducting 
medium. 

The  free  entrance  of  air  to  the  cavity  of  the  tympanum, 
or  the  middle  ear,  affords  an  equal  density  of  air  upon  either 
side  of  the  menibrana  tympanic  and  thus  insures  a  vibration 
of  that  membrane  in  absolute  unison  with  the  vibrations  of 
the  sound  which  it  is  called  upon  to  record,  as  the  waves  pass 
down  the  external  auditory  canal. 

The  function  of  the  organ  of  Corti^  of  the  memhrana  hasi- 
lariSj  or  of  the  otoliths^  can  not  be  stated  with  any  degree  of 
certainty,  since  new  discoveries  are  constantly  being  made, 
although  some  theories  of  their  functions  have  been  already 
given. 

The  minute  construction  of  the  scala  media  and  its  con- 
tained organs  can  be  found  by  reference  to  more  extensive 
treatises. 

CLnriCAL    POINTS    OF    INTEBEST    DEPENDENT    UPON    THE    AUDITOBY 

NERVE. 

In  attacks  of  auditory  vertigo,  or  Menidre's  disease,  there 
is  much  more  than  ordinary  giddiness.    The  patient  wiU  often 

to  preyent  the  meape  of  Ihe perilymph.  While  it  is  difficult  to  positively  decide  this  point, 
I  am  personally  inclined  to  regard  the  foramen  rotundum  as  the  secU  of  termination  of 
ware  sounds,  rather  than  a  means  of  transmission  of  impulses  to  the  fluids  of  the  cochlea. 
Dr.  A.  H.  Buck,  in  a  late  treatise  on  the  **  Diagnosis  and  Treatment  of  Ear  Diseases/' 
again  advocates  theories  long  maintained  by  him  as  to  the  physiology  of  audition,  which 
may  be  thus  given :  The  impulse  of  the  stapes,  at  the  fenestra  ovalis,  is  carried  by  means 
of  the  perilymph  directly  into  the  scala  vestibuli.  This  causes  compression  of  the  fluid  in 
the  scala  media,  which,  in  turn,  causes  pressure  upon  and  moTement  of  the  elastic  **  mem- 
braoa  basilaris."  The  pressure  is  thus  transmitted,  for  a  second  time,  to  the  fluid  in  the 
seals  iympani,  and,  as  fluids  are  incompressible,  the  membrana  tympani  secundaria,  which 
doses  the  foramen  rotundum,  is  forced  into  the  cavity  of  the  middle  ear  until  the  force 
is  expended,  when  it  returns  to  its  normal  condition.  It  will  be  thus  perceived  that  he 
discards  the  saccule  and  the  canalis  reuniens  as  a  channel  for  the  passage  of  the  acoustic 
ware.  He  also  questions  the  existence  of  any  communication,  at  the  cupola,  between  the 
scala  vestibuli  and  the  scala  tympani.  While  his  theory  seems  ingenious,  and  perhaps 
more  in  accordance  with  fact  than  the  older  \icws,  and  is  well  illustrated  by  diagrams 
and  supported  by  some  carefully  conducted  experiments,  still  it  can  not,  as  yet,  be  said 
to  be  positively  confirmed.  Ills  view  as  to  the  absurdity  of  the  memhrana  tympani  se- 
emmdaria  being  a  transmitter  of  sound  waves  to  the  cochlea  agrees  with  my  own,  as  advo- 
cated above.  He  seems  also  to  favor  the  theory  that  the  basilar  membrane  is  the  true 
mbratinff  mMUum,  which  carries  to  the  auditory  nerve  the  appreciation  of  the  note 
•oonded,  rather  than  the  **  organ  of  Corti." 
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times  i)er8pire8  freely,  and  often  vomits,*  while ^am  within 
the  head  is  a  symptom  which  not  infrequently  accompanies 
such  an  attack.  The  extent  to  which  this  type  of  vertigo 
may  be  manifested  varies  from  an  attack  of  but  momentary 
duration,  where  the  patient  can  retain  his  feet,  to  those  severe 
forms  of  the  disease  where  the  attack  is  accompanied  by  a 
loss  of  consciousness,  which  may  remain  for  some  hours,  and 
resemble  the  condition  of  epileptic  vertigo. 

There  seems  to  be  little  doubt  that,  in  these  cases,  the  at- 
tack is  always  preceded  or  followed  by  some  abnormal  con- 
dition of  the  ear,  and  that  this  diseased  condition  was  the 
starting poird  of  the  vertigo.'  Sometimes  the  patient  has 
long  been  deaf  in  one  ear,  or  a  condition  of  deafness  may 
follow  the  first  attack  of  vertigo ;  again,  the  approach  of  an 
attack  of  vertigo  may  be  told  by  the  occurrence  of  noises 
within  the  ear  of  one  side,  while,  in  some  cases,  there  exists 
a  constant  noise  within  the  ear,  which  increases  as  the  attack 
of  vertigo  is  imminent. 

It  is  often  extremely  difficult  to  persuade  a  patient,  suflEer- 
ing  from  this  affection,  that  the  attack  is  not  dependent  ui)on 
a  disordered  state  of  the  digestive  apparatus^  and  especially  is 
this  the  case  when  the  ear  trouble  is  of  old  standing,  or  when 
the  i)atient  is  unconscious  of  any  defect  in  his  hearing,  which 
is  by  no  means  an  unusual  occurrence.  Such  patients  are 
better  satisfied  if  the  attack  be  attributed  to  the  liver,  dys- 
pepsia, or  nervousness.  I  quote  the  following  sentence  from 
Hughlings- Jackson '  as  evidence  that  this  difficulty  is  met 
with  even  among  the  most  enlightened  of  the  community. 
He  says :  "  Even  medical  men,  who  have  aural  disease,  often 
totally  reject  the  proffered  explanation  of  their  attacks  of 
vertigo ;   many  of  them  ascribe  their  ailment  to  digestive 

'  Ferrier,  "  Vomiting  in  connection  with  cerebral  disease,"  "  Brain,"  July,  1870. 

'  The  occurrence  of  vertigo  and  interference  with  coordination  is  not  alone  produced 
by  local  disease  of  the  ear,  cTen  when  associated  with  impairment  of  hearing.  It  may 
indicate  disease  of  the  cerebellum  or  of  the  medulla  oblongata,  which  creates  irritation  of 
or  some  interference  with  the  auditory  nucleus.  For  the  clinical  facts  pertaining  to  this 
symptom,  the  reader  is  referred  to  pages  G3  and  64  of  this  volume. 

'  Hughlings-Jackson,  "Lancet,"  March  11,  1876;  same  author,  "Lancet,"  March  11, 
1876;  Gowers,  "Lancet,"  March,  October,  1880. 
16 
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tniubks       V  niHluil  mm  hid  deafnpss  in  liis  left  i?ar.  with 
occa'^ionil  si  1^ lit  \i  itu        '  'lu-  diiy,  wliilf  walking  in  hisgar- 


ITppcp  fiBiire;  I,  2,  8,  iKiniUB  I'lnrBliai  "2,  Ioixt  platp;  3,  4.  6,  B,  ncmis  cwliiMri-.  '. 
mcmbnuic  of  kcisancr:  A, mouibriuis  tMtorU :  9,  cpfthelium ;  10, 11.  pillsnof  Corn; 
1^,  inner  hair  oelU;  P,  oulor  h>ir  cells;  H,  la.membnma  bullarii;  l$,*piEbt- 
lium  in  the  sulcus  spinili*;  17,  IB,  19,  ligunpnium  aplr^e  ;  SO,  Hpiral  ontil  bdn 
thv  mcmbrmiin  huOarid. 

Lower  figure  :  8  T,  K  T.  S,  G,  T,  7,  8,  8,  scala  Ijmpani ;  S  V,  S  V,  9,  V,  aoala  T^stlhull ;  I, 
bue  nt  ih«  (XN.'htea;  :t,  apex ;  3, 4,  coniralnilunin;  lu,  10. 10,  10,  dnctui  («dUi«rii<< 
Ii,hriiHi'tie>i)t  the nervud  cochlcari»  ;  12,  IS, ) 2.  apinit ganglion ;  IS,  li.  limbwbai- 
nie  >pirall«;  IS,  membrane  of  Itctuaer;  IS,  epithelium  ;  1 T.  onter  hair  evil*  ;  tft,>f>>- 
iheliumof  themcrobranabasllarisj  19,  nerromi  fllamcnW;  30,  unkin  of  (be  ravmbnua 
bwilarb  with  the  llRamcDtum  xpirsle  ;  !1,  epilbeliam  of  thi!  peripheral  >atl  of  Iki 
ductoe  oochlearit ;  ii.  38,  merabnuia  tectoria  :  U,  ■piral  moal  below  (be  OHmtna' 
buOlarf*. 
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den,  he  had  a  pain  in  his  head,  was  very  giddy,  fell  in  the 
shrubs,  and  vomited.  This  was  plainly  ear  vertigo,  as  he 
himself  knew.  But  he  had  the  following  diagnoses  made  of 
his  case  by  other  medical  men :  1,  nothing  ;  2,  nervousness ; 
3,  deranged  stomach." 

That  some  i)ersons  who  are  deaf  in  one  ear  are  absolutely 
nnoansdous  of  it  is  too  often  noticed  to  be  now  disputed. 
Gkiwero '  lays  stress  upon  this  point  in  the  following  words : 
^'The  &et  that  the  patient  may  be  unconscious  of  a  most  sig- 
nificant auditory  defect  lessens  the  value  of  former  observa- 
tions as  evidence  of  the  definite  character  of  stomachal  ver- 
tigo. My  own  conviction  is  that,  in  the  vast  majority  of 
cases  in  which  a  vertigo  of  definite  and  uniform  character  is 
apparently  excited  by  gastric  disturbance,  an  auditory  defect 
will  be  discovered  on  careful  examination." 

Patients  afflicted  with  diseases  of  the  ear  may,  in  some 
cases,  make  themselves  dizzy  by  pressure  upon  the  ear  of  the 
affected  side ; '  while  oscillatory  movements  of  the  eyes  may 
occasfonally  accompany  the  vertigo  dependent  upon  disease 
of  the  acoustic  apparatus. 

It  is  well  known  that  the  semicircular  canals  within  the 
temjioral  bone,  when  diseased,  are  liable  to  create  the  so-called 
Meniere's  malady,  in  which  constant  vertigo  is  a  prominent 
symptom  ;  and  experiments  upon  birds  and  animals  *  seem  to 
show  that,  in  some  unknown  way,  these  canals  affect  coordi- 
nation of  movement  and  tend  to  preserve  the  equilibrium  of 
the  body. 

When  the  horizontal  canal  of  the  bird  is  cut,  the  head  is 
constantly  moved  from  side  to  side ;  when  the  posterior  verti- 
cal canal  is  cut,  the  head  is  moved  up  and  down  ;  when  the 
anterior  vertical  canal  is  severed,  the  movement  of  the  head 
is  in  a  diagonal  direction.  If  section  of  either  of  these  canals 
be  made,  upon  both  sides  of  the  head,  the  movements  of  the 
head  above  described  are  permanent ;  but,  if  made  on  one 

«  "Brit.  Med,  Jour.,"  April,  1877. 
*  Schwaback,  as  quoted  by  HughliDgs-JackBoii. 

'  Flourena,  1824;   Crum  Brown,  "Jour.  Anat.  Phys.,"  1874;   Cyon,  "Th^se  pour  le 
doctorat  in  medicine,"  as  quoted  by  Foster. 
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side  only,  they  tend  to  disappear  within  twenty-four  or  forty- 
eight  hoiira. '  If  the  same  cla^s  of  expeiiinents  be  made  ajwu 
rabbits,  the  movements  of  the  head  are  less  marked,  but  ohcD- 
lating  movements  of  the  eyeballs  (nystagmns)  are  developed ; 
'  while,  if  made  upon  certain  other  animals,  a  loss  of  oodidinB- 
tion  in  the  movementa  of  the  body  and  limbs  is  sometime* 
produced.' 

When  a  person  is  Totaied  for  some  time,  a  sense  of  vertigo 
is  produced  ;  and  this  symptom  seems  to  warrant  the  euppoei- 
tion  tliat  some  abnormal  effect  is  produced  within  the  gemtciT- 
cular  cmuds,  through  the  auditory  nerve  filaments,  possiblj 
as  a  result  of  concussion  of  the  fiaids  qf  (he  ear  ngoinsl  thf 
bony  wall.' 

The  following  quotation  from  Michael  Foster,'  in  di»cu!»^ 
ing  the  different  theories  advanced  to  explain  coordination  ot 
movement  and  the  varioiis  reflex  phenomena  which  are  con- 
stantly brought  to  the  notice  of  the  physiologist,  seems  pw- 
ticularly  applicable  to  the  practical  branches  of  medicine; 
"All  day  long,  and  every  day.  multitudinous  afferent  ini 
pulses,  from  eye  and  ear,  and  skin  and  muscle^  and  other 
tissues  and  organs,  are  streaming  into  our  nervoas  system, 
and,  did  each  afferent  impulse  produce  ita  correlative  motcf 
impulse,  our  life  would  be  a  jirolonged  convulsion.     Ah  it  if 

'  E.  Cyoii,op.  eit.,  1878. 

<  The  cxperiracDU  oF  Arthur  BOtlcher,  inado  in  1S72,  seem  to  conflict  witb  llam  <J 
CjoD,  GoltK,  Bud  Flourcns,  u  to  tbr  fuDctian  of  the  ecmidrcular  cuula.  B«  cUmM 
the  Bcclion  of  cither  cuul  cui  be  matlo  nitlioul  ciuBing  uiy  sjmploma  ot  inoo^tnllMlia^ 
proTided  the  atnUtory  turrre  jilamtnli  are  nol  yuUcd  upon.  ThB  fact  Ihat  lh«  t/tK) 
Dpnrc  id  not  bound  doim  tx  any  point  between  the  brun  uid  the  labyrinth  eipU^tf- 
cording  to  this  ob«orver,  why  (he  ilightut  crai*ion  upon  it  may  injure  iu  Utadotrtli 
the  idhIuIIb,  and  thui  create  the  iymptoraa  described  by  Cyon,  Golu,  and  nottrawL 

*  A.  H.  Buck,  in  a  late  (rcatiiie,  rtilerales  lils  former  Btateiucnl,  that  bmttM  W*  tf 
found  in  the  semioircuhir  canalx,  except  in  the  ampiUlB.  Tliia  fact  he  addvcM  It  i^ 
port  of  the  theory  lliat  tlioy  have  no  relation  to  the  perception  of  aouDd  iipalfi  S* 
tiro  elaims  tlmt  the  small  ntc  ot  thii  portion  of  the  rocmbranoua  labyrinth,  aa  eOBfMrf 
with  the  diamcier  ot  the  bony  eicarallon,  oouplcd  with  the  peculiar  relJaaUud  HMI^ 
tncnt  which  cilet<  in  the  >paoc  between  the  membranous  tube  and  the  bony  mdl,  tuOH 
nulaini  hii  objection.  This  author  secnu  to  eUim  that  the  Beraidmilar  euaab  adMl 
means  i>f  relief  to  oxtrrnw  blra-onchlcar  prcMUre.  Ccrt^nly,  more  light  U  iMtM  ^ 
the  Donatruolioa  of  M»  portion  of  the  iniemal  ear,  before  lu  tonotioti  CMi  be  j 
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by  the  checks  and  counter-checks  of  cerebral  and  spinal  activ- 
ities, all  these  impulses  are  drilled  and  marshaled,  and  kept 
in  hand,  in  orderly  array,  till  a  movement  is  called  for ;  and 
thus  we  are  able  to  execute  at  will  the  most  complex  bodily 
manoeuvres,  knowing  only  why^  and  unconscious,  or  but  dimly 
conscious,  Ttow  we  carry  them  out." 

The  tensor  tympani  muscle^  which  has  previously  been 
mentioned  as  deriving  its  motor  power  from  the  fifth  nerve 
and  otic  ganglion,  is  of  use,  even  in  the  quiescent  state,  in 
preventing  the  membrana  tympani  from  being  pushed  too  far 
outward.  During  its  contraction,  the  membranous  drum  of 
the  ear  is  made  tense,  for  the  purpose  of  deadening  some 
sounds  or  of  favoring  the  reception  of  others,  by  bringing  the 
tension  of  the  membrane  in  more  perfect  attune  to  the  sounds 
which  fall  upon  it.  It  may,  therefore,  be  considered  in  some 
respects  as  an  analogy^  to  the  ciliary  muscle  of  the  eye, 
since  both  act  as  a  sort  of  accommodation  to  a  mechanism. 
In  some  persons,  this  muscle  is  under  voluntary  control,  and 
thus  a  crackling  sound  may  be  produced  within  the  ear  at 
will,  or  discords  be  produced  when  musical  sounds  are  being 
listened  to. 

The  stapedius  muscle^  which  derives  its  motor  power  from 
the  facial  nerve,  is  supposed  to  regulate  the  movements  of  the 
stapes  (one  of  the  small  bones  of  the  middle  ear),  and  espe- 
cially to  prevent  any  sudden  or  excessive  movement  of  the 
membrana  tympani  from  forcing  its  base  too  far  into  the 
fenestra  ovalis. 

.  The  Eustachian  tvJbe  is  unquestionably  open  during  the 
act  of  swallouying^  but  it  is  still  disputed  whether  it  remains 
permanently  open  or  is  open  at  intervals.  The  swelling  of 
the  mucous  membrane  which  lines  the  tube,  in  catarrhal 
inflammation,  interferes  with  the  entrance  of  air  into  the 
middle  ear,  and  is  frequently  associated  with  that  peculiar 
ringing  or  buzzing  in  the  ear  so  often  present  during  attacks 
of  influenza.  One  of  the  functions  of  this  tube  is  undoubtedly 
to  afford  a  means  of  exit  for  the  secretions  of  the  cavity  of 
the  middle  ear,  and,  in  case  of  inflammation  of  that  cavity, 
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should  the  Eustachain  tube  become  rlosed,  perforation  qfthe 
drum  will  ensue,  when  the  presence  of  the  acdumulaled  pns 
creates  imperfect  nutrition  of  that  membrane  and  conseqaenl 
ulceration  of  its  coats. 

Waves  of  sound  can  and  do  reach  the  endolymph  of  tlic 
internal  ear  by  direct  condicctiov.  through  the  skull.  Since, 
however,  sonorous  vibrations  are  transmitted  from  the  air  to 
solids  and  liquids  (and  most  sounds  come  to  us  through  the 
air),  some  special  appamtua  is  required  to  thus  transfer  thi- 
aerial  vibrations  to  the  fluids  of  the  labyrinth.  Ttie  late  me- 
chanical dences,  recommended  for  the  relief  of  perfect  deaf- 
ness, in  which  the  teeth  are  used  as  a  conducting  medium, 
have  not  as  yet  fulfilled  the  predictions  of  their  inventors.' 

The  deafness  which  often  follows  euppnration  of  the  mW- 
dle  ear  does  not  necessarily  indicate  any  diseased  condition 
of  the  auditory  nerve,  since  it  may  be  the  result  of  perora- 
tion of  the  7/iembrana  tympani*  or  of  an  abnormal  conditioQ 
of  tlie  hones  of  the  middle  tar,  both  of  which  might  interfere 
most  seriously  with  the  transmission  of  sound. 

Foreign  bodies  in  the  ear  often  create  most  alarming 
sympt^oms  ;  and  even  an  accumulation  of  wax,  pressing  on  the 
drum,  may  create  a  mental  condition  strongly  resembling  th? 
excitement  of  alcohol  or  mania.*  Even  syringing  the  ear  hw 
been  known  to  produce  fainting  and  severe  attack  of  audi 
tory  vertigo.  Prolonged  suppuration  of  the  middle  ear  tnav 
be  the  direct  cause  of  fatal  inflammation  of  the  meninges  «( 
the  brain. 

Neuroses  of  the  acoustic  nerve  are,  of  necessity,  mare  ob- 
ecure  and  diCBcult  of  detection  than  those  of  the  other  spedil 


'  It  hu  long  been  the  cusiom  with  otologiiis  lo  b«c  ■  luning.tork,  pUard  i^on  tl« 
forclicul  (when  in  libnttion),  lo  dHtiTmine  b«i<recQ  diutM  of  the  roiddic  mv  and  IbWd 
the  labyrinth ;  alooe  In  Ili«  former  ihr  klTecled  ear  he«n  tlie  tutili^.foH[  moat  fWah, 
wblle,  in  the  Utter,  the  unaffected  eu  hcan  it  most  diMlootlj. 

*  J'trfuralion  of  the  rzltmal  dmm  «f  the  ear  don  not  ncoaaatrnir  ertue  ilwfMT 
That  remarkable  case,  reported  by  Nr  ABiley  Cooper,  when  both  dnmu  ■•«  Marird^ 
Mroyed  and   nhere  Ibe  patient  could  ntlU  hear  ordinary  oonTanatlan.  Illiialialii  tit 

'  See  CAN  of  a  loiwe  in  the  ear,  reported  by  IluglilSng*  Jaekaoti,  "  LaucoL'*  OOtf. 
I8S0. 


senaeH ;  since  the  tests  of  normal  sight,  smell.  an<l  tastt*  are 
much  more  easy  and  satisfactory  than  the  appreciation  of  the 
faculty  of  a  fine  discrimination  on  the  part  of  the  patient  be- 
tween notes  of  a  different  pitch  and  quality.  To  what  extent 
the  original  and  exhanative  researches  of  Brenner, '  as  ti)  the 
valne  of  the  galvanic  current  in  the  diagnosis  of  abnoi-mal  con- 
ditions of  the  neiTe  filamentj^  within  the  chambei-s  of  the  laby- 
rinth, will  be  sustained  by  pathological  and  clinical  investiga- 
tion, it  is  difficult  now  to  say  ;  but  it  certainly  appears  to  shed 
some  light  ujK)n  a  field  of  diagnosis  which  haa  been  almost 
unexplored  on  account  of  the  difficulties  which  have  hitherto 
existed.  It  will  exceed  the  scope  of  this  volume  to  enter  into 
the  detail  of  this  new  method,  since  the  principles  of  the 
manifestation  of  the  electric  current  upon  nene  tissue  would 
have  to  be  explained,  and  the  diffei-ent  formulie  of  nerve  reac- 
tion given.  It  can,  however,  be  stated  that  the  principle  con- 
sists of  obtaining  certain  sensations  by  means  of  the  auditory- 
nerve  filaments,  when  one  moistened  pole  of  an  electric  bat- 
tery is  placed  upon  the  tragus  or  the  auditory  meatus,  and 
the  other  to  the  back  of  the  neck  or  the  inner  side  of  the 
arm,  and  the  intensity  of  the  current  regulated  by  means  of 
the  rheostat.'  By  this  means  the  condition  of  acoustic  hyper- 
lesthesia  and  of  ana-sthesia  may  be  detected  with  an  accuracy 
which  older  methods  could  not  afford. 

The  state  of  acoustic  Tiyperasthesia  may  be  of  central 
origin  or  dependent  upon  some  peripheral  cause.  If  due  to 
the  former,  it  may  be  developed  in  connection  with  chronic 
cephalalgia,  hysteria,  insanity,  cerebral  hypertemia,  and  with 
irritative  conditions  of  the  brain  or  spinal  cord.  It  is  some- 
times associated  with  hallucinations  of  hearing,  esjwcially 
if  present  as  a  complication  of  insanity.  The  peripheral 
causes  of  this  condition  comprise  anything  which  can  pro- 
duce an  exaggeration  of  t7te  tension  of  the  muscles  or  bones 
of  the  middle  ear,  thus  resulting  in  a  constant  compression 
of  the  internal  structures  of  the  labyrinth.  The  experi- 
ments of  Lucae  seem  to  point  to  the  feasor  tympani  mus- 

'  A»  discu3«ed  in  detail  b;  £rb.  Rosonttutl,  and  otben.  '  Erii'a  rule. 


cle  as  the  agent  in  accommodating  the  bones  of  the 
ear  to  the  keenest  appreciation  of  inusical  lanes,  while  the 
stapedius  muscle  presides  over  the  accommodation  for  nhrilifr 
and  non-musical  auditory  sensations.  We  can  thns  nnder- 
stand,  if  this  be  true,  how  paralysis  of  the  stapedius  nmst-J^ 
would  create  an  hyperawthesia  of  the  a<?ou8tic  apparatna,  and, 
as  this  muscle  may  be  affected  in  facial  paralysis,  how  all  of 
the  causes  of  that  condition  may  be  the  exciting  causes  aliM 
of  this  affection  of  the  ear.' 

The  state  of  ana;sthesia  of  the  auditory  nerve  is  alwavs 
associated  with  some  severe  and  persistent  defect  in  heMin^. 
since  the  filaments  of  the  auditory  nerve  are  no  longer  able  bi 
tnmsmit  the  impressions  of  sound.  Its  causes  are  but  pooriv 
understood,  but  it  seems  positive  that  lesions  of  the  posterior 
regions  of  the  meso-cephalon,  the  medulla,  and  cerebellam,  w 
well  as  new  growths  at  the  hase  of  the  bniin,  exceRsive  intra 
cranial  pressure,  and  local  disease  of  the  liibyrintli  itself,  may 
be  thus  manifested.  The  deafness  which  follows  tlie  e5can- 
thematous  fevers,  and  is  observed  in  hysteria  and  ataxtiL 
usually  indicates  changes  in  the  meninges  of  the  brain,  which, 
if  severe,  prcnluc*  an  incurable  loss  of  hearing.  Malforma- 
tions of  the  internal  or  middle  ear,  either  congenital,  or  tf- 
quired  during  childhood  after  cerebral  diseases,  are  the  com- 
mon causes  of  deaf -mutism. 

THE  GLOSSO-PtlARVNGEAL,   OR  KINTR  NERVE. 

Like  the  two  previous  nerves,  both  the  superficial  ami 
deep  i)oint8  of  origin  of  the  glosso-pharyngeal  nen'e  aro  wtQ' 
ated  in  the  mefiuUa  oblongata,  a  separate  (fray  mteleus  in  the 
JlooT  of  the  fourth  rentricle  being  ascril)ed  to  it.'  This  nerve 
escapes  from  a  groove  between  the  t^ieral  tract  and  the  reiU- 
form  body  of  the  medulla,  lying  below  the  auditory  nerre 
and  alwve  the  pneumogastric,  and  passes  out  of  the  cavity  of 

'  ThU  may  lie  deemed  inrompatibli?  with  sIstemFnu  nude  on  p«(^  IM  of  lUi  n^ 
urns,  U  Iho  lenior  tjiupoai  irioeclc  waa  Iherc  sMtcd  to  be  an  agent  in  crwtl^  wdH; 
defect  in  Bcir*  punlf>l«. 

*  PerHor,  "  FuBciiaiu  of  the  Brain,"  London,  18TS. 


THE   OLVHaO-PHARYnGRAL.    OU  NINTU  NERVE.        221 

he  cranium  by  the  jugular  foramen,  where  it  lies  in  close 
■elation  witti  the  pneumogastric  and  spinal  accessory  nerves, 
'hs  jugular  vein,  and  the  inferior  meningeal  artery.  It  pos- 
sesses motor  and  sensory  libers,  and  fibers  which  assist  in 
he  appreciation  of  the  special  sense  of  taste. 


m 


Fin.  7n. — Gtomo.plsaryngfd  nerve.      (Sappej.) 

root  of  tlie  Sfih  Durve :  i,  gBiiglioo  ot  Uasser ;  3,  u[>hthalmic  dlvisioit  of  the  fifth ; 

_,  supvrior  iDBiEJUrr  divialos;  G,  inferior  muUllorf  divigion;  6,  10,  lingual  branch 

I  lif  the  Jifih,  conlainlng  the  JiU>mmlii  of  the  chorda  bmpani  :  7,  branch  from  the  aub- 

'  l.nm...j   to  the  lingual   braOL-h  of  tbc  fifth;  9,  eiWma  li/mpani  ;  9,  inferior  dental 

.;  1<>,  lerminni  GlunentB  of  tbc  lingurU  nerve;  II,  submHxitlsry  ganglion  ;  12,   ' 
r  Bflo-hjoid  branch  of  the  inferior  dental  nenre ;  IS,  anterior  belly  of  tbe  dignstrit 
icic;  U,  section  of  the  nivlo-hjoid  muHcle ;   \&,  \i,  atotta-pharsngcal  nerve ;  IB, 
^lOH  of  Andeneh  ;  17,  nraudun  from  lie  glouo-piiarTingtai  lo  lite  itglo.glomue 
i  the  Kli/lo-p/tan/ngna  matda ;  10,   10,   pDenmof^tric ;    'Hi,  SI,  ganglia  of  the 
"  '      *"!,  23,  superior  laryngeal  ner»c;  23,  spinal  acocBBory :  24,  2K,  28, 


'  By  reference  to  the  diagram,'  it  will  be  perceived  that  two 
^nglioform  enlargements  are  developed  upon  this  nerve,  the 
npper  one  being  situated  on  a  level  of  the  upper  opening  of 


n  the  following  pBfc 
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the  jugular  foramen,  while  the  lower  one  lies  slightly  below  the 
foramen.  To  the  first,  the  name 
^'^  jugular  ganglimt  "  is  aji- 
plied,  while  the  second  b  calleil 
the  *^  ganglion  o^  Andersch.' 
after  its  discoverer.  Theae  two 
ganglia  do  not  include  the  same 
relative  proportionofnecvefil«er? 
derived  from  theglosso-pharyo- 
geal,  since  the  jugular  gaugliun 
is  develojjed  upon  only  a  poi 
tion  of  the  nerve,  while  the 
ganglion  of  Andersch  includw 
all  the  filaments  of  the  trunk  of 
that  nerve. 

Within  the  jugular  foranM-u. 
the  glosso-pharyngeal  nerve  lies 
in  front  of  the  spinal  acoessorr 
and  pneuraoKastric  nerves,  which 
are  separated  fnim  it  by  a  sh^aih 
which  invests  the  two  latter,  and 
it  bears  an  intimate  relation  with 
the  jugiUar  vein  within  the  fiiw- 
men,  and  also  in  the  neck. 

As  a  motor  ncrte,'  the  glosso- 
pharyngeal supplies  the  levatw 
palati,  azygoa  uvulie.'  stj-hv 
pharyngeus,  and  the  middle 
constrictor  of  the  pharynx: 
while,  as  a  nerve  of  general  tt»- 


1,  filaments  of  ori^n,  eilcBdlug  into 
the  medulla  oblongaU;  2.  X\\ejiig- 
War  foramen,  Ihrough  whiuli  the 
nene  csotpcd  from  the  cranium  ; 
S,  (he  jufffdar  ffanglion,  derelopiKl 
upon  (he  nerve  in  Ihe  jmular/ora- 
iHfli,-  *,  ibe  ganffli'm  of  AnderKh, 
or  the  "prtrom  oanyfton",-  n,  Ihe 
auricular  brttnrh,  dcriTing  s  Dla- 
meat  iIiki  (rom  ihe  poeumoeaatric 
nerre;  0,  a  ^uomuHidi/tn^  orantA 
to  Ibe  pneuMogaiMe  nerre ;  7,  ■ 
eamrnvMOilinj/  brantk  tu  the  aym- 

rthotir  nerve;  8,  the  lympanie 
auk  or  " Jocoiton'it  nervt"  dis- 
tributed to  the  middle  far;  9,  ■ 
cmninMtiitvtiing  braiidt  to  the  carot- 
id plexus  of  the  sjm|wthetie;  1(1. 
the  tonMar  braneba,  diitri  bated 
to  ths  lanail ;  1 1,  a  portion  ol  the 
pharyngtal  jirxm,  formed  also  bj 
(be  pneumagaitric  nerre i  li,  ihu 
lingial  irandAn,  distributed  to  the 
nueoiu  membrane  end  the  papiUjiv 
of  tlw  btM  and  tides  of  tho  tongue. 


'  It  is  cilmuol;  doubttul  If  iba  ^f^ 
pharrngeal  nerre  pow  tales  aaf  luulur  itan 
which  are  ooi  drrivrJ /ma  olisr  mirtmtf 
filaments  of  communication, 

'  These  musoles,  if  siqipHed  by  tbli  *■** 
(as  etperiments  seem  to  sbov),  IM  nmM 
by  fibers  sent  to  the  facial  M«n,  rad  alMr 
ward,  by  mean*  of  ibe  gnmt  petroMl  >»■■■>. 
to  Meoliers  gtngllan. 
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and  it  is  by  this  nerve  that  the  second  aft  of  deglutition  is 
chiefly  excited  and  performed. 

The  sense  of  taste^  which  is  afforded  by  the  glosso-pharju- 
geai.  ia  confined  to  iXiB posterior  third  of  the  tongae.  A  ran- 
ilar  distribution  of  its  aenaory  fibers  is  remarkably  illiiattatel 
in  that  case  of  Hilton's,'  where  an  attack  of  tonsillitis  pro- 
duced a  sympathetic /urr/fl.^  of  the  posterior  third  only  of 
the  lateral  half  of  the  tongue. 

Though  analogy  would  lead  us  to  Bupi>ose  that  a  stimnliis 
applied  to  any  part  of  the  course  of  the  gustatory  fibers  nf  (h)* 
glosstp-pharyngeal  nerve  -would  give  rise  to  a  seasatiun  of 
taste  and  nothing  else,  the  proof  is  not  forthcoming;  ma 
this  nerve,  as  before  stated,  is  a  mixed  nerre  containing  sett- 
Bory  fibers  as  well  as  those  of  taste. 


Fid.  82.  Pio  8S. 

V'li-ietiia  eif  papiUir  nf  llu-  hngt*.     (Suppej. ) 

allate  papilla  :   I.  piipllla,  llie  Iww  onlj  btiiig  t^ftml 


FlU.  82. 

it  is  seen  tlial  the  base  is  coTorcd  with  BcoondBr;  pkpiUv;  S.  grooTi;  teli 
pBpilU  null  the  aurrounding  wall  ;  3,  S,  wsll  of  tbe  papilla 

Fia,  S3. — Fungirorm,  fiiiromi,  and  hcmisplicrical  papillv;  1,  1,  t*o  fun^fonn  p 
co«enxI  witli  getxiQdsry  pap'illte;  3,  3,  t,  Sllform  puiilln:  S,  a  Glifofm  ptpw 
prolongatioaa  of  whicb  mv  turned  outward  :  <,  a  Sliform  papilla,  ■ttli  vnlln 
iobi^tiuiui ;  fi,  S,  imslt  Hllfnrni  plpilliB,  with  iho  pRilon|»ll<>M  lumM  bo«H  i 
fiilfarm  papillie,  with  Mriations  at  their  baaesi  T,  7.  hRTniaplwrica]  ptpPtf.  ^ 
apparent,  situated  botiriKin  the  fiuigironn  nnd  the  fllifonn  pai^lB, 

Bitter  snbstanws  are  most  tasted  upon  the  back  t^  Ihf 
tongue,  and  .sweet  substances  when  placed  upon  tXe  tip;' 
a  point  not  without  value  in  administering  medicines.    TIN 

'  "  RmI  and  rnin."    For  Bimilar  efTvcts  du«  to  the  fifth  nerrc,  tee  a  ptwlsM  1Mb. 
'  Ulch.  FcMtcr.  op  a 
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so-called  *' gustatory  buds,"  which  by  some  have  been  re- 
garded as  specific  organs  of  taste,  are  found  also  upon  the 
epiglottis,  which  is  wholly  devoid  of  taste ;  hence  their  func- 
tion can  not  as  yet  be  considered  as  fully  determined. 

As  a  means  of  refreshing  your  memory,  the  following 
classification  of  the  branches  of  the  glosso-pharyngeal  nerve 
may  prove  of  value.  It  will  be  seen  that  the  tympanic  branch, 
or  Jacobson's  nerve,  is  specially  important,  since  it  supplies 
I)ortions  of  the  middle  ear  which  have  been  studied,  when  the 
auditory  nerve  was  discussed,  in  their  i-elation  to  the  mechan- 
ism of  hearing ;  and  also  because  it  gives  a  filament  to  two 
of  the  petrosal  nerves,  whose  functions  have  been  considered 
in  connection  with  the  seventh  cranial  nerve.  * 


A  TABLE  OF  THE  BBANCHE8  OF  THE  GLOSSO-PHARYNGEAL  NERVE 

AND  THEIR   DISTRIBUTION.' 


GLIMWKnUBTllOEAL 

(Ninth  Cnniil) 


1.  Tympanic  branch,  or 
Jaeobmm's  nerve. 


CommuniecUififf 
filaments  to 

Branches  of 
diatribtUton  to 


1'- 

[e 


Ijargc  petrosal  nerve. 
Carotid  plexus, 
Small  petrosal  nerve. 
Fenestra  ovalis, 

cnestra  rotunda, 
Eustachian  tube. 


2.  Carotid  branches. 

8.  Pharyngeal  branches  (help  to  form  the  pharyngeal  plexus). 

4.  Muscular  branches  fto  muscles  of  the  pharynx). 

5.  Tonsillar  branches  (help  to  form  the  tonsillar  plexus). 

6.  Lingual  branches. 


EFFECTS  OF  SECTION. 

Section  of  the  glosso-pharyngeal  nerve  is  followed  by  a  type 
of  paralysis,  in  which  deglutition  becomes  an  act  of  extreme 
difficulty,  and  in  which  regurgitation  of  food  into  the  nostril 
is  i)articularly  liable  to  occur.  The  sense  of  taste  in  the  pos- 
terior third  of  the  tongue  is  furthermore  completely  destroyed, 
thus  tending  to  prove  that  the  gustatory  fibers  are  inherent  to 
the  nerve  itself,  and  not  the  result  of  a  communication  between 


'  Flint  ascribes  to  the  chorda  iympani  nerve  the  ability  to  perceive  only  saline^  acid, 
and  ttypHe  qualities ;  and  to  the  glosso-pharyngeal  nerve,  the  appreciation  of  siced,  alka- 
Untf  bitter,  and  metaUie  tastes. 

'  Copied  from  the  "  Essentials  of  Anatomy ''  (Darling  and  Ranney).  Putnam^s  Sons, 
New  York,  1880. 
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it  and  some  other  nerve,  as  is  claimed  in  reference  to  the  gm- 
tatory  libers  of  the  fifth,' 

It  is  stated,  by  some  of  the  later  investigators  Qpon  thi* 
subject,  that  the  sense  of  taste  is  not  alone  confined  to  the 
tongue,  but  exists  also  in  the  pillars  of  the  /ancvs  and  lh» 
walls  of  the  pharynx,  and  that  section  of  the  glosso-pharrn- 
geal  nei-ve  causes  an  entire  abolition  of  this  power  of  fipeml 
sense  in  these  latter  regions,  as  well  as  in  the  posterior  tbird 
of  the  tongue." 

THE   ACT   OF    DEGLUTITION    AND    ITS    MECUAKISH. 

The  act  of  deglutition  is,  perhaps,  more  properly  CMi- 
nected  with  the  glosso-pharyngeal  neire  than  with  any  other, 
although  that  nerve  assists  in  the  performance  of  one  stage 
only  of  the  entire  act.  For  convenience  of  description,  it  hss 
been  the  custom  of  physiologists  to  divide  the  act  of  dej^tl- 
tion  into  three  distinct  periods.     The  first  period,  oompristDg 


Fta.  M.—Ta»U  bndt  froi 


I  nf  Ihf  raUH.     ( EngcfauaiL} 


the  passage  of  the  bolus  of  food  through  the  month,  which  is 
nnder  the  control  of  the  voluntary  muscles  ;  the  second,  the 
passage  of  the  bolus  through  the  isthmus  of  the  Eauces  ud 
the  pharynx  ;  the  third,  the  passage  through  the  cmophafn>* 
to  the  cavity  of  the  stomach. 

In  the^r«/  period,  the  food  is  first  seized  by  tht?  lipe.  thai 

'  Else  pntrioas  leMuro  on  Ifac  fifth  ncrre,  uid  tito  the  lerlure  upon  th*  (M*)  B«r 
'  EiporimeDta  nrcm  to  point  to  Ihc/vnpi/orm  >nd  firatritrallalt  p^i/l»  ^  1^  * 

u  Ihe  chif  r  igentit  in  pcrwi* <ng  taitc,  if  the  "  bute  buds  "  of  Lomia  mi  ikIinA 

•ocoptcd  w  piUTi-n.     See  f\g.  S*. 
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forced  between  the  jaws  by  the  tongue  and  the  buccinator 
muscles ;  and  by  the  teeth  it  is  not  only  masticated,  but  is 
also  mixed  with  the  salivary  secretion.  When  the  food  is 
ready  to  be  swallowed,  the  mouth  is  first  closed,  as  the  act  is 
performed  with  extreme  difficulty  when  the  mouth  is  open,  be- 
cause the  tongue  can  not  properly  act  upon  the  bolus.*  The 
tongue  now  becomes  widened,  so  as  to  oflfer  a  large  surface 
to  the  bolus  of  food,  and,  with  the  bolus  placed  behind  it,  is 
pressed  backward  along  the  roof  of  the  mouth.  In  case  the 
food  to  be  swallowed  happens  to  be  in  a  liquid  form,  the 
tongue  is  so  curved  that  its  edges  curl  upward,  while  its 
dorsum  is  depressed  in  the  center,  thus  forming  a  longitu- 
dinaZ  groaoe  along  its  entire  length ;  and  the  soft  palate  is 
so  closely  applied  to  the  base  of  the  tongue  as  to  admit  of  a 
sacking  force. 

The  importance  of  the  tongue  during  this  period  of  the  act 
of  swallowing  can  not  be  overestimated.  Animals,  in  which 
the  tongue  has  been  paralyzed  by  section  of  the  nerves  of  that 
organ,  exhibit  the  utmost  distress  in  their  efforts  to  bring  the 
food  to  the  back  portion  of  the  mouth,  and  are  forced  to  so 
toss  the  head  as  to  bring  the  force  of  gravity  to  their  aid." 
Drinking,  also,  becomes  even  more  interfered  with,  and  the 
tongue  is  no  longer  used  to  help  in  the  act ;  hence,  various 
devices  are  used  to  bring  the  fluid  where  the  reflex  act  of  the 
fauces  wiU  help  to  carry  it  to  the  stomach.  If  it  were  not  for 
the  fact  that,  after  removal  of  the  tongue  for  local  disease, 
the  stump  was  of  sufficient  length  to  be  of  great  assistance  in 
controlling  the  bolus  of  food,  such  an  operation  would  be  a 
questionable  procedure  in  surgery. 

It  may  be  noticed,  by  those  of  you  who  have  been  foUow- 
ing  these  remarks  with  care,  that  the  glosso-pharyngeal  nerve 
has,  as  yet,  had  no  influence  upon  the  mechanism  of  degluti- 
tion, since  the  buccinator  muscles  are  supplied  by  the  facial 
nerve,  and  the  tongue  by  the  hypo-glossal  nerves,  which  have 

'  For  the  clinical  proof  of  this  fact,  the  reader  is  referred  to  the  effects  of  "  facial 
diplegBa."    See  page  197. 

*  We  tee  this  dso  marked,  but  to  a  less  extent,  in  patients  afiOicted  with  glosso-labial 
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normal  muscular  power  of  the  muscles  of  mastication,  but 
also  to  an  ansesthetic  condition  of  the  mucous  lining  of  the 
mouth,  which  renders  the  tongue  unable  to  appreciate  the 
situation  of  the  bolus  of  food ;  as  has  been  proven  by  the  fact 
that  the  same  difficulty  exists  when  section  of  the  fifth  nerve 
is  made  in  front  of  the  ganglion  of  Gasser,  where  only  the 
sensory  i)ortion  of  the  nerve  can  be  injured,  as  when  both  the 
motor  and  sensory  portions  of  the  nerve  are  involved,  after 
section  below  the  foramen  ovale. 

In  the  second  period  of  deglutition,  the  bolus  of  food, 
by  being  crowded  backw^ard,  tends  to  raise  the  soft  palate ; 
and  the  levator  palati  muscle  further  assists  in  retaining  the 
palate  in  this  elevated  position,  while  the  superior  constric- 
tor muscle  of  the  pharynx  causes  the  posterior  wall  of  the 
pharynx  to  bulge  forward,  and  thus  to  meet  the  uvula.  The 
posterior  nasal  openings  are  thus  mechanically  closed  to  the 
entrance  of  the  food  into  the  chamber  of  the  nose,  prepara- 
tory to  the  series  of  reflex  movements  which  are  to  ensue,  for 
the  purpose  of  forcing  the  bolus  downward  into  the  oesopha- 
gus, and  thence  into  the  stomach. 

The  larynx  is  now  suddenly  raised^  so  as  to  bring  the 
superior  opening  of  that  organ  underneath  the  base  of  the 
tongue,  which  has  been  crowded  backward  during  the  first 
I)eriod,  in  order  to  force  the  bolus  against  the  soft  palate. 
Its  soft  structure  renders  it  admirably  adapted  to  mold  itself 
to  the  irregularities  of  outline  of  the  laryngeal  opening.  By 
this  position  of  the  tongue,  the  epiglottis  is  also  applied  over 
this  opening,'  and  the  entrance  of  food  into  the  larynx  is 
furthermore  guarded  against  by  the  approximation  of  the 
vocal  cords  by  means  of  the  adductor  muscles  of  the  larynx. 
The  muscles  which  thus  raise  the  larynx  are  the  anterior 
beUy  of  the  digastric,  the  mylo-hyoid,  the  genio-hyoid,  the 
stylo-glossus,  and  some  of  the  fibers  of  the  genio-glossus. 

Simultaneously  with  the  elevation  of  the  larynx,  the  pa- 

'  It  was  formerly  supposed  that  the  epiglottis  was  the  chief  instrument  in  prevent- 
ing the  entrance  of  food  into  the  larynx,  but   the  large  number  of  cases  where  the 
epiglottiB  has  been  removed,  and  no  difficulty  in  deglutition  apparently  produced,  have 
created  a  doubt  as  to  its  importance. 
17 


1,  S,  S,  4,  4,  mpcrinr  coiutrictar ;  6,  fl,  T,  8,  middle  oondriclor  ■.  9,  10,  1 1, 
■uHotor;  13,  lit,  Blyl».pharyiigcDB ;  14,  etvln-liyold  nianrlei  lA,  m 
hTo-gltiHui;  17,  ni;Io-hyoid  tnnwli-:  18,  bucdnitor  niiitxil'.';  IV,  U 
lento r  )wUtl. 

made  straipJit,  and,  by  the  approximation  of  tlifM*  muscles 
to  the  sides  of  the  tivola,  the  opening  of  the  ph»ryiix  into 
tile  narus  ia  now  completely  ocrliided. 

The  constrictor  muscles  of  the  phar>iix  now  come  into 
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play,  contracting  in  succession  from  above  downward ;  the 
I)06terior  pillars  of  the  fauces,  by  their  approxiniation,  pre- 
vent the  bolus  from  again  entering  the  mouth ;  and  it  is  thus 
forced  to  enter  the  oesophagus. 

It  is  apparent  that  most  of  these  movements  are  of  a  re- 
flex character  J  and  are  excited  by  the  presence  of  the  bolus 
of  food,  which  passes  out  of  voluntary  control  as  soon  as  it 
passes  the  anterior  pillar  of  the  fauces,  at  which  point  the 
second  period  of  deglutition  may  be  said  to  commence.    Every 
reflex  act  presupposes  some  sensory  filaments  to  convey  the 
impression  to  the  brain,  and  certain  motor  filaments  to  trans- 
mit the  impulses  to  the  muscles  destined  to  act  upon  the 
bolus ;  it  is  now  believed  that  the  glosso-pharyngeal  nerve 
possesses  both  of  these  sets  of  fibers,  as  well  as  those  control- 
ling the  special  sense  of  taste.    This  nerve  may  then  be  con- 
sidered as  a  nerve  of  taste,  a  nerve  of  motion  to  the  pharyn- 
geal muscles,  and  the  true  ''excitory  nerve  ^^  of  the  act  of 
deglutition. 

The  importance  of  the  soft  palate  in  the  act  of  deglutition 
is  particularly  shown  during  the  swallowing  of  liquids,  since 
i"t  has  to  be  closely  applied  to  the  base  of  the  tongue,  in  order 
to  allow  of  a  partial  vacuum  within  the  cavity  of .  the  mouth, 
&iid  thus  to  draw  the  fluid  along  the  furrow  formed  by  the 
curving  upward  of  the  edges  of  the  tongue.    This  fact  is  clin- 
Xcjally  shown  by  patients  affected  with  paralysis  of  the  velum,* 
'Who  exi)erience  great  difficulty  in  swallowing  liquids,  since 
the  fluid  is  liaMe  to  escape  through  the  nose.    A  case  of  this 
character  is  reported  by  B6rard,  where  a  young  lady  was 
obliged  to  free  herself  from  all  observation  whenever  she  at- 
tempted to  drink,  as  the  escape  by  the  nostrils  was  so  profuse 
Hs  to  occasion  embarrassment. 

The  prevention  of  the  entrance  of  food  into  the  cavity  of 
the  larynx,  as  has  been  mentioned,  is  insured :  first,  by  the 
base  of  the  tongue ;  secondly,  by  the  epiglottis ;  and,  thirdly, 

I  Parmlysia  of  certain  muscles  of  the  soft  palate  occurs  when  the  facial  nerve  is  im- 
paired behind  the  point  of  origin  of  its  petrosal  branches.  For  particulars  of  this  diag- 
iM>0tic  Bymptom,  the  reader  is  referred  to  page  194. 
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by  the  approximation  of  tlie  vocal  cords ;  but  that  siich  am- 
dents  do  still  happen  from  attempts  at  inspiration '  diirinj; 
eating  is  attested  by  the  violent  coughing  excited,  and  by 
the  instantaneous  expulsion  of  the  foreign  substance,  onlm 
it  should  chance  to  become  mechanically  an-est^d  in  the  larynx. 
Longet  accounts  for  the  sj-mptoms  excited  by  such  an  arri- 
dent  as  the  result  of  an  exquisite  sensibility  posseMned  bythi? 
mucous  lining  of  the  upper  part  of  the  larjiix,  II  is  irell 
attested  that  the  danger  of  entrance  of  fluids  into  [hi*  omn 
is  far  greater  than  in  the  case  of  solids  ;  and  lb*?  act  ot  pi- 
gling  is  especially  liable  to  be  followed  by  such  an  occtiiTMice, 
since  the  larynx  is  much  wider  open  than  in  the  act  of  deglu- 
tition. In  the  administration  of  anesthetics  to  patienU  who 
have  eaten  largely  before  the  hour  ai)point<xl  for  sorgind 
relief,  a  great  danger  of  the  entrance  of  vomited  matters 
into  the  cavity  of  the  larynx  is  encountered,  since  theseiui' 
tivenesa  of  the  mucous  lining  is  destroyed,  and  the  expolare 
efforts  of  Nature  ai-e  often  wanting.* 

The  third  period  of  the  act  of  deglutition  is  conliDed  tw 
the  cesophagus,  thi-ough  which  the  bolus  has  to  pass  lo  iwdi 
the  stomach.  The  downward  movement  of  the  bulus  is  ■»■ 
sisted  by  alternate  contraction  of  the  longitudinal  fibers  n( 
the  tnbe,  which  shorten  it  and  tend  to  draw  its  walls  upwani 
over  the  bolus,  and  contraction  of  the  circular  fibers,  whirli 
constrict  the  tube  and  force  the  Ik>Ius  downwanl.  TV  E»i 
that  gravity  has  little,  if  anything,  to  do  with  this  down»iid 
movement  is  proven  by  the  fact  that  the  position  of  the  bndt 
does  not  seem  to  affect  it,  while  acrobats  ai-e  often  knowB  I" 
perform  the  feat  while  standing  upon  the  head  or  hands.  TV 
time  consumed  in  the  x'^i^'^gs  through  the  CBS<iphagns  «w 
estimated  by  Magendie '  as  abont  two  minutes  in  unimaK  h"' 

'  A>  occum  during  nilocke  ol  iBughiii^,  liiccougli,  rlc,  when  food  U  inmW  ta  M 
moutli,  or  diirlni;  ton  hnslj  an  effort  Ui  coiiBumc  food. 

*  Id  outs  wbere  ibU  nc«iilcnt  oocun,  tlio  innpic  rUouM  bo  fotdblj  dn««  iM  at  * 
mouih,  M)  u  ro  pull  up  thr  epIglottlB.  and  itic  foreign  bod;  extractsd  b^  dv  liV.' 
poulblc.  or.  if  Dot,  (he  pDlieiil  ibould  he  hold  bi  Ihe  fivt.  and  tfaui,  b;  alnkiBf  ll*  ^ 
tient,  ^irilv  mijr  help  to  dislodm  it.  1  odcc  MinKl  ihe  U[i>  of  k  man  b;  Itii  ^^* 
•hea  lit  otbvrv  hail  tailwl,  and  fatal  Bsphjiia  ncrmnt  iniminmt. 

•  "  Jutinwl  dv  Pliriu'ol." 
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t  IS  probably  niucli  shorter  in  man  ;  although  we  are  <i£len 
conscious  of  a  delayed  tenninntion  of  the  act,  and  are  forced 
to  hasten  it  by  the  drinking  of  fluids,  as  most  of  us  can  attest. 
It  18  probable  that  tliis  peristaltic  action  of  the  oesophagus, 
like  that  of  the  intestinal  canal,  is  partly  controlled  by  the 
nervous  intluence  of  the  sympathetic  system,  although  the 
pnenmogastric  nerves  have  an  extensive  distribution  to  and 
a  very  marked  control  over  this  orgati.' 

Deglutition  is  essentially  a  Ttflex  act,  save  in  its  first 
period,  when  volition  plays  an  important  part.  It  can  not 
take  place  unless  some  stimulus  is  applied  to  the  mucoua 
lining  of  the  fauces;  and  those  apparently  voluntary  acts  of 
deglutition  which  are  produced  when  no  food  is  within  the 
mouth  are  undoubtedly  due  to  the  swallowing  of  saliva,  or 
to  irritation  of  the  fauces  by  the  base  of  the  tongue  itself. 
When  we  tickle  the  fauces,  we  can  see  all  of  the  act  of  deglu- 
tition, confined  to  the  second  period,  artificially  produced  ; 
and  this  irritability  of  the  fauces  is  so  extreme  in  some  per- 
sons as  to  render  any  attempt  to  examine  the  throat  one  of 
difficulty,  and  often  a  cause  of  reflex  vomiting.  So  impor- 
tant is  the  education  of  the  throat  to  enable  the  patient  to 
tolerate  the  presence  of  instruments,  that  all  surgical  proced- 
ures upon  the  larynx,  if  i)erfonned  from  within  the  mouth, 
require  often  months  of  training  to  enable  the  patient  to  assist 
the  operator  in  a  step  whose  execution  may  be  a  matter  of  a 
few  seconds  only.  All  forms  of  Io<'al  applications  are  used 
to  insure  an  aniesthetio  condition  of  these  jMirts,  and  the  in- 
ternal admin  istniti<m  of  medicinal  agents  is,  furthermore, 
often  reqiiii-ed  to  render  such  procedures  within  the  cavity 
of  the  larynx  possible. 

That  the  eenfer  for  the  r^ex  art  0/  deglutition  is  confined 
to  the  medulla  oblongata  is  proven  by  exxwriment  on  animals 
whose  brain  haa  been  entirely  removed,  with  the  exception  of 
the  medulla,  when  irritation  of  the  fauces  will  still  continue 


'  Hicliad  Foster  rrfrxnlB  this  third  Ml  of  deglutition  as  niore  closelj  dvpeodent  upOD 
the  ttntral  nn-row  i^afAii  tlmo  iho  tlloTcnietltt  ut  the  intvatinul  tr«rt,  ■ixl  ittrihuteB  It  to 
reflex  action  due  to  the  botiu. 
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to  produce  all  the  movemeuts  of  the  second  stage  of  ihai 
act. 

CLINICAL  POISTa  OP  INTEREST  PEHTAINISO  TO  THE  GLOSSO-PHASYX- 
OEAL   NEBVE, 

The  intimate  association  which  apparently  exists  betwpm 
the  fibers  of  this  nerve  and  the  sense  of  taste,  the  moTementw 
of  the  pharj'ngeal  muscles,  and  the  reflex  acts  excited  liy  th? 
presence  of  a  bolus  or  of  some  foreign  source  of  irritation  lo 
the  isthmus  of  the  fauces  and  the  walls  of  the  pharynx,  would 
seem  to  suggest  that  any  impairment  of  the  glossopharyngeal 
would  be  followed  by  clinical  evidences  of  imperfect  perform- 
ance of  each  and  all  of  these  functions.  It  is,  however,  to  he 
regretted  that  the  questions  of  the  course,  origin,  and  func- 
tions of  the  chorda  tympani  nerve,  the  exact  distribution  o( 
the  fibers  of  the  glosso-jjharyngeal  nen'e  to  the  tuague,  and 
the  source  from  which  this  latter  nerve  derives  its  motor  fila- 
ments, are,  as  yet,  disputed  points  among  physiologists  ;  and 
the  sources  of  doubt  are  not  removed,  but  rather  increaued,  bj 
the  results  of  pathological  obser\'ation,  since  they  often  seea 
contradictory,  and  thus  prove  rather  a  source  of  einb*ns»- 
ment  than  an  aid  to  definite  conclusions. 

One  would  naturally  suppose,  provided  that  he  was  fa- 
miliar with  the  symptoms  of  that  disease,  called  by  Dnchenw 
" glosso-Iabio-laryngeal  paralysis"  (although  the  word  ''pha- 
ryngeal "  is  often  used  in  place  of  '*  laryngeal "  to  exju«es  the 
same  condition>,  that  the  difficulty  experienced  in  de^lutitbA 
would  certainly  indicate  that  the  nerve  which  apparently  pTf- 
sides  over  that  function  would  be  found  in  a  state  of  dtseue; 
but,  on  thf  contrary,  the  glosso-pharyngeal  nerve  is  not  k- 
ported,  lo  my  knowledge,  as  having  anything  to  do  with  tluJ 
affection.  We  must,  therefore,  be  forced  to  infer  that  the 
motor  filaments  of  the  i)harj'nx  are,  to  a  great  extt-nl,  oiB- 
trolled  by  other  nenes ;  and  that,  if  they  are  appar^otlj 
branches  of  the  ninth  cranial  nerve,  they  are  to  l»e  ncixtaBtf^ 
for  as  fibers  derived  from  communicating  filaments  from  ottwf 
sources. 
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Hirschfeld  claims  to  haveverified  a  branch  of  the  glosso- 
pharyngeal nerve  which  extends  to  the  anterior  two  thirds  of 
the  tongue;  hence  the  strong  probability  that  it  partially 
controls  the  sense  of  taste  in  that  portion  as  well  as  in  the 
posterior  third  of  the  organ.  Stannius,  by  exi)erinients, 
thinks  that  he  has  established  the  function  of  this  branch, 
and  he  attributes  to  it  the  power  of  perception  of  hitter 
substances  only,  the  other  varieties  of  taste  sensations 
being  presided  over  by  the  chorda  tympani  nerve  or  the 
gustatory  branch  of  the  fifth  nerve.  We  know,  clinically, 
that  the  conditions  of  hypersBsthesia  and  ansBsthesia  of 
the  gustatory  nerves  are  verified  by  many  interesting  phe- 
nomena; and  we  must  be  content  to  v^ait  for  the  solution 
of  the  other  mixed  problems  of  gustation,  until  they  are 
solved  by  further  clinical,  physiological,  and  pathological 
observation. 

The  condition  of  gustatory  hypercesthesia^  called  also 
^^  hypergeusia^'^^ '  is  very  marked  in  certain  patients  who  are 
in  an  ansBmic  and  nervous  condition,  while  it  is  a  frequent 
phenomenon  in  hysteria  and  in  melancholia.  In  such  cases 
an  apparent  gustatory  sensation  may  be  often  excited  by  the 
application  of  an  electric  current  to  the  cervical  or  upi)er 
dorsal  region  of  the  spine. 

True  gastatory  hyperesthesia  may  express  itself  as  an  in- 
crease  in  the  delicacy  of  the  gustatory  sensation,  so  that  ex- 
tremely small  quantities  of  sapid  substances  may  be  i)erceived. 
We  thus  occasionally  meet  with  hysterical  patients,  who  can 
perceive  the  taste  of  certain  medicinal  agents  in  a  solution 
which  to  the  healthy  subject  would  be  tasteless.  It  may  ex- 
press itself,  again,  as  an  unnatural  enjoyment  of  food,  or  a 
loathing  of  certain  dishes  which  convey  a  sense  of  taste  which 
does  not  in  reality  exist.  In  facial  paralysis  of  rheumatic 
origin,  abnormal  gustatory  sensations  are  sometimes  present, 
as  sweetish,  sour,  or  sapid  tastes,  within  the  mouth.  In  the 
insane,  hallucinations  of  the  special  sense  of  taste,  usually  of 

*  See  experiments  of  Valentin  and  Keppler,  made  to  determine  the  exact  degree  of 
guBtatoiy  aenflibility  and  excitability. 


THE  CJtAA'IAL  yERVEA 

a  disagreeable  chai-acter,  are  often  present,  and  indicate  soni) 
disease  of  central  origin. 

The  condition  of  gnsfaim'y  ancEsthesia,  tailed  '^'affcuaia," 
comprises  all  those  phenomena  which  indicate  either  a  jnttiai 
or  complete  loss  of  the  sense  of  taste.  Thus,  the  tongue  may 
be  able  to  appreciate  certain  substances,  and  be  insensible  to 
others,  while  the  anesthetic  condition  may  be  circunwcribed 
or  diffused,  as  regards  its  anatomical  distribation,  atfectio^ 
either  the  tip  of  the  tongne,  its  root,  or  one  or  both  sides. 
Tliis  abnormal  state  is  observed  aft«r  paralysis  of  the  trii;*- 
minus,  severe  injuries  to  the  tngeminus  or  the  gloswt-pharjii- 
geal  nerves,  intra-cerebral  growths  which  rreate  rompresidoii 
of  the  glossopharyngeal  nr  trigeminus,'  and  atrophy  of  th? 
nerves,  as  the  result  of  compression,  of  disease  of  their  in- 
herent fibers.  As  a  rule,  when  this  condition  exists,  we  shall 
find  a  similar  condition  of  the  optic,  olfa^rtory,  trigetninuK. 
pneumogastric,  spinal  acces.'sorj',  or  some  of  the  culanetins 
branches  to  the  face. 


THE  I'NErMOGASTRIC.   Uli  TENTH    MERVE. 

Owing  Ui  the  nnmenma  rnnnections  of  the  pneunH>pisttr 
with  other  nen'es,  its  varied  and  extensive  distributiua,  anJ 
the  importjint  character  of  its  functions,  this  may  properly  be 
regarded  as  one  of  the  most  remarkable  nerves  of  the  whole 
body.  It  has  been  often  known  by  the  name  of  the  '^par  N- 
fftim."  from  the  wandering  course  of  its  fillers,  which  aw 
distributed  to  five  different  vital  organs,  viz.  :  the  bwt, 
lungs,  stomach,  liver,  and  intestines,  as  well  as  to  many  othff 
parts  of  secondary  importance. 

This  nerve,  like  the  sevenlh,  eighth,  and  ninth  neirw,  i* 
cimsidered  by  comparative  anatomists  as  belonging  to  the 

'  In  the  case  reported  b;  Boctclier,  slUioiif^  ■gtiesk  eiUl«d,  the  patieat 
o(  >  MiwUat  tiumiD)-  and  bilUracfu  vitbiD  Ihe  moutli.     An  vitopcj  shoirvd  lb* 
of  a  tuiDOT  ot  ibe  baae  of  the  brain,  Hliich  had  auaed  ktrophf  of  ilio 
and  pDtiiniogasTric  neirc*  bj  a  slaadj  cumprcisioa.     Lonp«l  report*   nam  ■! 
ncrriH  paaain;:  ibrough  ihc  jiii^lar  faramvn  were  all  more  or  leu  dMUwjad  hy 
from  ■  ■imiUr  aunr. 
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of  Spinal  nerves,  since  it  arises  directly  and  entirely  from 
upper  portion  of  the  spinal  cord.  Its  superficial  jHiint  of 
igin  lies  in  the  groove  between  the  olicary  and  restiform 
\dies  of  the  mednlla,  while  its  deep  point  of  origin  may  be 
»ced  to  a  gray  nucleus  in  the  floor  of  the  fourth  ventricle, 
Ightly  below  the  nucleus  for  the  glosso-pharyngeal  nerve. 
There  is  a  very  close  affiliation  between  the  deep  libers  of 
1  pneuniogastiic  and  j?loss(i-pharyngeal  nerves  within  the 


Fio.  87. — Ana&linnotttnflhepnaimiigatlrit  nerve.  (UirschtcliJ.) 
tdal  nerve;  £,  dosBO-pharjugeal  nerve ;  2'.  ansBtomoscB  ol  (he  glosso-pharm^ea] 
with  the  f»rfiu ;  8,  8,  pneumog/ulrie,  iMIh  il»  tav  pmtglia  .'  4,  4,  njtituxl  aeeeaorg  ; 
D,  niblingiial  iiervc  ;  S,  superior  cervical  pmglioaoi  the  »^pftthelic;  1 ,  miiMomotie 
artadt  o/  Ott  firtl  lam  etnncil  tiervei ;  8,  csrotid  branch  of  the  superior  ceniual 
guigliOD  of  tliu  cjmpBtbvtli.' ;  9,  lu^rire  of  JNCobson  ;  10,  branches  of  this  nerrp  to 
the  «^pBth«lic ;  It,  branch  to  the  GuMaebiaD  tubv;  1£.  branch  to  the  fenefira 
oralis;  18,  branch  (o  the  feneBlra  rotunda;  14,  exlvmal  deep  petrous  nerve;  IC, 
intenud  deep  petrous  nervf: ;  IG,  otic  ganjilion  ;  IT,  auricular  brenvh  of  lie  pneumo- 
ffStrie;  18,  oniuAiniiNnjt  of  Ikt  /mrtaitognidric  iiith  l!ie  tpinal  oovwory  ,-  IK,  ana*li>- 
Kunif  iif  Ike  pKeumojiantrit  inl/i  tlui  itblinffwil  ,•  W,  snsBloinosiB  of  the  BpiDsJ  acces- 
aory  inth  the  wconU  pair  of  uorticul  nerrea;   21,  pharyngeal  pleiue;  is,  superior 


tetance  of  the  medulla  uhlongata,  so  close  indeed  as  to  lead 
ae  authors  to  consider  them  identical  with  each  other. 
Bee  deep  fibers  may  be  traced,  in  part,  into  the  substance 
the  restiform  body,  a  small  bundle  tfiward  the  cerebellum. 


THE  CBAmAL  ifBRVES. 


FlO.  8S. — A  Jinffrai-i  rlimrini/  the  hmnchf*  nf  dMrihulion  and  commmuoa/ioit  «/  ti> 
jmramoffaiaric  Htrtv.      tVn'tra/  portion  of  nertf. 

1,  the  GlnmcnlH  of  orif^D  of  tlio  pnounuq^aatric  dltvc  ;  2,  the  tpiaal  atctmry  atrre  rte^ 
lag  from  the  tucdulla  obluntnla,  bcluw  the  pneuningastric  ncrre;  3.  the  nrqwreo- 
iDiiniealiDK  lilumonl  tM^lvecii  the  jinfumoganlrie  and  Ihe  (pino/  atBtuory  atrm  (oiM 
absem);  i,l\ie"  j/nnflHon  of  Ihi  niol,"  rMMaitAvaiVie  ja^Wi  totvota;  i,Vbitjift- 
/ar/orrtiTWM,  showing  tlietransraisaioii  of  thi-ceocrtcs  ;  6,  the  commoDicfttiu  flluKM 
between  the  jmntmogatlrif  «ni  Ihc  glunio.pliarimffta/  nerrcs ;  7,  the  ybaft^iwjrafMl 
nerve,  from  itn  point  of  ori);in  lu  its  escape  from  the  cavitj  of  the  eraninm ;  8,  tkt 
"ffan^ion  of  the   Irvnt"  of   the  pneuraiigai'Iric  nerrc;    9,  the  faiwr  JBmmml  d 
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oommimication  between  the  pneumoffostrie  and  spinal  accessory  nerves^  which  probably 
controls  the  muscles  of  the  larynx  concerned  in  phonation  and  respiration ;  10,  Uie 
eommunicaHng  filament  from  the  arcade,  formed  by  the  first  and  second  cervical 
nenres ;  11,  tne  cammunicatinff  filament  from  the  facial  nerve,  which  helps  to  form 
the  anrioular  branch  of  the  pnemnogastric  or  **  Amold*s  nerve  "  ;  12,  the  three  sets  of 
filaments  which  join  the  pneumogastric  nerve  to  the  superior  cervical  gangliwi  of  the 
sympathetic  system;  18,  the  auricular  branch  of  the  pneimiogastric,  or  **^mo^« 
nerve^  partly  formed  by  the  facial  filament  (11);  14,  the  branches  to  the  '"''pharyn- 
geal piaeus^^  formed  also  in  part  by  the  gloeso-pharyngeid ;  16,  the  superior  laryngeal 
nerve,  supplying  the  mucous  lining  of  the  larynx  and  the  crico-thyroid  muscle ;  16, 
the  '*  depressor  nerve  of  the  heart,**  formed  by  two  roots,  one  from  the  pneimiogastric, 
and  the  other  from  the  superior  laryngeal  nerve ;  ^  17,  the  inferior  or  recurrent 
laryngeal  nerve,  winding  around  an  artery  (19),  and  then  returning  to  the  laiynx  to 
supply  the  muscles  of  phonation;'  18,  the  cervical  cardiac  nerves  (sometimes  three 
in  number),  going  to  the  cardiac  plexus ;  1 9,  the  subdavian  artery  (if  on  the  right 
dde),  and  Uie  arm  of  the  aorta  (if  on  the  left  side  of  the  body). 

and  a  few  toward  the  cerebrum  ;  but  the  larger  portion  pass 
to  the  median  line  of  the  floor  of  the  fourth  ventricle  or  de- 
scend into  the  substance  of  the  medulla  oblongata. 

The  pneumogastric  nerve  emerges  from  the  jugular  fora- 
men as  a  single  trunk,  but  immediately  develops  two  gan- 
glia, the  upi)er  of  which  is  called  the  ^^  jugular  ganglion^^'^ 
or  the  ^^  ganglion  of  the  root^^  since  it  lies  close  to  and  some- 
times within  the  foramen  of  that  name.  After  the  nerve 
emerges  from  the  foramen,  another  ganglion,  about  one  quar- 
ter of  an  inch  in  length,  is  developed,  called  the  ^^  ganglion 
of  the  trunJc^  Within  the  jugular  ganglion,  an  interchange 
of  fibers  takes  place  between  the  pneumogastric  and  spinal 
accessory  nerves ;  and  it  seems  clear  that  the  laryngeal  and 
pharyngeal  branches  (which  are  among  the  most  decidedly 
motor  of  those  given  oflf  from  the  pneumogastric)  may  all,  in 
great  part,  be  traced  backward  into  the  spinal  accessory 
nerve. 

The  researches  of  Valentin,  Morganti,  Longet,  and  others 
seem  to  prove  that  the  pneumogastric  nerve  at  its  root  pos- 
sesses no  motor  power,  but  is  entirely  an  afferent  nerve,  al- 
though Stilling,  Wagner,  MuUer,  Volkman,  and  Bernard  fail 

'  For  the  physiological  eflfect  of  stimulation  of  this  nerve,  see  the  late  researches  of 
Cyon  and  Ludwigupon  this  nerve  in  the  rabbit;  also  text-books  of  physiology  of  Michael 
Foster,  A.  Flint,  Jr.,  and  others.  In  man,  this  nerve  is  probably  associated  with  one  of 
tiie  cardiac  nerves. 

•  The  filament  of  the  spinal  accessory  (No.  9  in  the  cut)  is  supposed  to  afford  to 
tbii  nerve  its  motor  power,  having  simply  used  the  sheath  of  the  pneumogastric  as  a 
means  of  protection  in  its  course  down  the  neck.  The  physiological  import  of  this  nerve 
shows  the  vital  necessity  for  such  protection. 


2+0  THE  CRANIAL  KERVES. 

to  attribute  all  the  motor  Kbers  of  tliia  neire  to  either  the 
spinal  accessory  or  glosso-pharjTigeal  nerves,  and  maintain 
that  motor  libers  may  be  demonstrated  within  the  root  of  ibe 
pnenmogastric  above  the  jugular  ganglion. 

In  regard  to  its  trunk,  there  can  be  no  doubt  thai  the 
pneumogastric  is  to  be  considered  as  a  nen-e  of  double  en- 
dowments, although  it  is  certain  that  these  endowments  are 
very  differently  distributed  among  its  bmnches.  That  ii  is 
capable  of  conveying  those  impressions  which  become  senm- 
lions  when  comuiunicatetl  to  the  sensorium  is  experimentally 
proved  by  the  fact  that,  when  its  trunk  is  pinched,  the  ani- 
mal gives  signs  of  acute  pain  ;  and  it  is  also  evident  from  the 
painful  consciousness  we  occasionally  have  of  any  abnornutl 
condition  of  the  organs  which  it  supplies. 

BRANCnEti   OF  THE    PJf EUMOflASTHIC    N'EBVE. 

The  pnenmogastric  neiTe,  by  mean.s  of  its  numeruas  pointB 
of  distribution,  participates  in  the  oijerations  of  degtuiitioA, 
phonation,  respiration,  the  circulation  of  the  bloody  and 
the  process  of  digestion.  To  fully  describe  the  variatiomi  in 
its  course  from  above  downward,  and  the  distribution  of  its 
branches  to  the  various  organs  (in  all  iif  their  physiological 
bearings),  you  must,  of  necessity,  be  carried  into  a  disni* 
sion  of  the  thoracic  and  aiwiominal  viscera  and  the  physiii- 
logical  acts  which  they  perform.  A  hasty  ennmeratioQ  of  the 
general  course  of  the  fibers  of  this  nerve  can,  therefore,  only 
be  given  here,  reserving  the  many  points  of  interest  connected 
with  it  for  other  lectures,  when  the  viscera  will  be  considered. 

The  efferent  fibers  of  the  pneumogastric  nerve  include  t»i- 
tiiin  motor  branches  which  are  distributed  into  the  phaiynx. 
the  larynx,  the  cpsophagus,  the  st<jmach,  and  the  intestinal 
i-anal. 

The  pharyngeal  brarwhes  help  to  form  the  pharynpjsd 
plexus  of  nerves,  and  thus  to  aid  In  the  movementji  of  the 
muscles  of  that  organ  during  the  second  period  of  deglatitjon.' 

1  i>f  degluiUhn  la  Mf 
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It  is  also  probable  that  these  same  muscles  tend  to  modify 
the  Ume  and  quality  of  the  voice,  and  also  to  assist  in  the 


27 

FlO.  89. — Thoraeic  and  abdominal  portion  ofthr  nerrr. 
20,  tbo  Ihoracie  cardiac  nerris,  a^tiistin-:  tu  form  Ihc  I'ardiac  plfxux  ;  'Jl,  llic  Glainonl)>  of 
communication  bi^wccn  tbe  pnfuiiiogattric  nni-e  and  tlio  Ihoraeie  ganglia  uf  tbe  ayni- 
p«thptic  syntero ;  22,  tlic  branolics  Rivi-n  off  by  the  ])nrui>icif^trii'  nurve  to  ii*sist  in 
forming  tlie  juMlerior pulmonarii  /ilfjtu  ;  23,  the  brnnchcn  civen  off  to  apsist  in  tonn- 
infC  the  anfmor  pulmonari/  plfiua  ;  24,  the  brSDchcB  Tliich  form  the  itno/ihiiflcat 
pIrzuM.  and  asHisi  in  the  porformnnec  tit  Iht  thinl  i>onod  of  tbe  act  ot  deKlui't'O" ; 
26,  the  gatlrit  brancket,  suppl}iii);  the  coals  of  the  dtoiniich  :  36,  the  hrpatic  branehti, 
acGompanyinf;  the  portal  syMcin  of  veins  ;  27,  the  iHlcttinal  branelu*.  controlling,  to 
■  Urge  eitent,  the  periataltic  action  of  that  canal ;  28,  branches  which  can  be  traced 
to  the  tidnty,  the  tpUm,  and  tbe  rupra-rmtd  cajit'Jit. 


I.  truuk  o/l/ic  i 


!i:.f,i'.uli...>  o/ Ike immmngfutric.     (Ultwtlfcld.) 

uiii*l,-tr .   -1,  pai^lioH  o/ tilt  Irttnk  :  Z,iuuaiamotit  milHII*mU 

HtiU  kM  lit  riMingwii ;  D,  pharj/ngtal  bramdi  (Um  tninkt 

branch  U  not  shown  la  the  figure) ;  0,  tuptripr  tarjiwitaihT      •     -      - 

lurre ;   B,   lariniffial  plaut  :  9,  9,  in/* 

broHcA  ,-    II,  thoracie  ranliat  brand  ; 


tatyngmi  ftriuM ;   10,  imical  anMf 
IS,   n,   pulmoiuirv   hraiidm :     H,  laOii 

"iW  ■-  ■  -    •      -  -■  ■- 


Tile  }a.rynge.al  branches  are  two  in  number,  and  are  rall*d 
ihe  superior  and  inferior;  althouf?h  the  name  "recurrpnt  la- 
ryngeal nerve"  is  more  often  applied  to  tlie  latter  on  account 
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of  the  i)eculiarity  of  its  course,  since  it  winds  around  the  sub- 
clavian artery  before  returning  to  the  larynx,  upon  the  right 
side  of  the  body,  while  the  left  nerve  winds  around  the  arch 
of  the  aorta,  and  then  turns  backward,  to  be  distributed 
to  the  muscles  of  the  larynx.  It  is  by  means  of  these  laryn- 
geal nerves  that  the  muscles  which  move  the  vocal  cords^ 
and  thus  control  the  voice,  are  supplied ;  while  the  same  mus- 
cles are  important  agents  in  so  adapting  the  size  of  the  open- 
ing between  the  vocal  cords,  during  inspiration,  as  to  allow 
of  an  unimpeded  entrance  of  air  to  the  lungs.  *  As  the  infe- 
rior nerve  is  the  one  which  supplies  all  of  the  laryngeal  mus- 
cles but  the  crico-thyroid  and  a  portion  of  the  arytenoid,  it 
becomes  to  the  physiologist  a  nerve  of  great  importance,  since 
the  acts  of  respiration  and  phonation  are  directly  under  its 
influence.  Experiment  seems  to  have  proven,  however,  that 
the  laryngeal  nerves,  although  apparently  deriving  their  mo- 
tor i)ower  from  the  pneumogastric,  are,  in  reality,  but  fibers 
of  the  spinal  accessory  nerve^  which  have  used  the  sheath  of 
the  pneumogastric  nerve  simply  for  protection  in  their  pas- 
sage through  the  neck.  The  spinal  accessory  nerve  is,  there- 
fore, sometimes  called  the  "superior  respiratory  nerve  of 
Bell,"  since  it  controls  the  movements  of  the  laryngeal  mus- 
cles during  the  act  of  inspiration  ; '  which  are  the  highest,  in 
X)oint  of  situation,  of  any  of  the  respiratory  muscles. 

The  hranches  to  the  oesophagus^  stomachy  and  intestine 
are  the  principal  agents  in  promoting  the  peristaltic  action  of 
the  alimentary  canal,  and  they  thus  aid  in  the  acts  of  degluti- 
tion and  digestion.  It  is  probable,  also,  that  the  pneumo- 
gastric nerves  are  capable  of  directly  affecting  the  secretions 
of  the  alimentary  canal,  although  the  sympathetic  system  is 

'  The  researches  of  Bernard  have  done  much  to  call  professional  attention  to  the  fact 
that  the  pneumogastric  and  spinal  nerves  are  alone  involved  in  ordinary  respiration,  but 
that,  when  it  becomes  necessary  to  bring  the  respiratory  movements  into  perfect  accord 
with  the  requirements  of  animal  life  (as  in  adapting  the  action  of  the  muscles  of  the 
larynx  to  production  of  voice),  the  spinal  accessory  nerve  becomes  an  indispensable  aid. 

•  This  statement  is  one  that  will  admit  of  question.  The  reader  is  referred  to  the 
experiments  of  Bernard  and  Bischoff  (as  given  on  a  subsequent  page)  for  the  difference 
between  the  effect  of  the  spinal  accessory  fibers  upon  the  glottis  from  those  o(  the  pneu- 
mogastric itself. 
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are  now  tiw«d  with  tolerable  certainty  to  the  trunk  of  the 
pnenmogastrio  nerve,  whi«h  ai-e  not  unimportant.  Thus  we 
may  include  ceitain  nerves  which  supply  the  plain  muscular 
fibers  of  the  trachea  and  of  the  larger  bronchial  tubes,  fibers 
which  exert  a  vaso-motorial  mjluence  upon  the  blood-vessels 
of  the  lungs,  an  iiiMbiiory  nerce  for  the  heart,  and  certain 
fibers  which  are  distributed  to 
the  lungs  and  tlie  heart,  which 
are  supposed  to  exert  a  trophic 
•infiuence. 

The  properties  and  functions 
of  the  cardiac  nerne,  and  in 
what  way  the  pneumogastric 
aen-e  influences  the  action  of 
the  heart,  are  physiological 
■questions  of  the  greatest  impor- 
tance. It  is  now  known  that 
Bection  of  the  pneumogasti-ic  in 
the  neck,  instesid  of  arresting 
the  action  of  the  heart,  in- 
creases the  frequency  of  its 
contractions ;    while  galvanism 

>t  the  divided  ends  causes  the 
heart's  action  to  stop  during  its 

"^.iastoh,  if  the  current  be  a 
powerful  one,  and,  if  a  weak 
jMie,  the  heart's  action  is  propor- 


The   depressor   nerW   of  the      C,  benrt;  n,c»rotid  urtcry  eolng  to  the 
bnun ;  n,  braocbea  of  Ibc 
gastric  going  to  tbc  heiirl. 


"heart  is  shown,'  in  the  diagram-         ^"^.^  -..bra-chM  of  the  pae»mo- 


matic  representation  of  the  jineu- 
Inogastric  nerve  and  its  branches,  to  arise  from  two  filaments, 
flerived,  respectively,  from  the  pneumogastric  and  the  superior 
laryngeal  nerves.     The  impoilance  of  this  nerve  in  explaining 

'  For  the  methoil  of  oriEin  of  this  nc^rve,  sec  the  diafjraramBlic  plate  o(  the  upper 
til  nt  the  pDcumo^dCrio  ncrfc,  pBgE  2!<g.  While  the  diagrani  illiutrates  the  conslrue- 
OD  of  tliia  nerve,  as  found  in  the  rabbit  hy  Cyan,  it  is  still  qacstioasble  whether  a  sioii- 
ir  method  of  origin  can  be  demonstrated  in  man.  That  Ibo  nerve  exists  is  not  a  matter 
r  doubt ;  but  it  is  iiDpoasible  to  positive);  stale  its  nietbod  of  ori^D  or  its  predie  coune. 


many  physiological  effects  of  galvanism  of  the  pnenmogasiric 
has  been  developed  throiigh  the  efforts  of  Cyon  and  Ludwig, 
in  their  piize  essay  of  1867,  who  showed  to  the  prufesmoD  it* 
power  of  decreasing  the-  beats  of  the  heart,  and  who  ihos 
afforded  the  meana  of  satisfactorily  explaining  many  phe- 
nomena naet  with  in  the  daily  practice  of  medicine.  If  the 
abdomen  of  a  frog  be  exposed,  and  tlie  intestine  strnck  sliarp- 
ly,  the  heart  will  be  seen  to  stand  still,  as  if  the  depressor 
nerve  of  the  heart  had  been  galvanized ;  while  stimalaliun 
of  the  mesenteric  nerves,  before  they  join  the  sympathetic 
chain,  will  have  a  like  result.  It  has  been  foimd  that  the 
irritation  of  an  inflamed  peritoneal  surface,  even  if  gently 
practiced,  will  decrease  the  heart  pulsations,  and  that  let^t 
shock  or  nery  intense  pain,  no  matter  where  it  arises,  will 
also  have  the  same  effect  upon  the  heart. 

Such  evidences  of  reflex  action  are  apparently  tran!<mitt«d 
through  these  depressor  nerves  of  the  heart  alone,  and  they 
help  us  to  explain  why  pain  may  create,  in  the  human  raw, 
attacks  of  fainting,  and  wliy  some  types  of  inflammatory  dis- 
eases and  states  of  coUapse  and  shock  are  associated  with  i 
decrease  in  the  pulsations  of  the  heart.  The  action  of  atroptn, 
even  in  small  doses,  seems  to  entirely  arrest  the  influence  of 
this  nerve  upon  the  heart,  and  a  guide  to  the  administration 
of  this  drug  may  thus  be  derived  from  physiology,  whflp 
the  effects  thereof  may,  in  some  instances,  be  tlins  made 
clear. 

The  cardiac  uf^rves  of  the  pneumogastric  are  nndoubtedly 
<!onnected  with  the  other  nerves  of  the  cardiac  ganglia,'  and 
act  upon  the  heart  fibers  indirectly,  rather  than  direcily,  with- 
out  the  intervention  of  the  ganglion.  It  has  lately  been  prown 
that  certain  otJier  cardiac  nerces,  whose  function  ia  accden- 
tory,  rather  than  depressing,  to  the  heiirt,  am  be  traced  to  the 
cercical  portion  of  the  spinal  cord,  as  their  point  of  origin, 
bat  they  have  no  connection  with  the  pneumogastric  nerve. 


■  Thp  luEatnoioT  bcrvn  o(  ibc  lung  »re  dcriinl,  aroonling  to  Franck,  Uva  A*  iffS 
«rri«al  gmiglis  of  Uii-  nj^tnpatbelic,  Ihdr  primBr^  origin,  hoaeitf^r,  being  Id  lb*  ccni» 
donai  repon  of  Ihe  oonl. 


PHYSIOLOGY  OF  PNEUM00A8TRIC  NERVE.  247 

The  afferent  fibers  of  the  pneumogastric  nerve,  or  those 
which  carry  impressions  from  the  periphery  of  the  nerve  to- 
ward its  point  of  origin,  comprise  the  sensory  filaments  *  dis- 
tributed to  the  entire  respiratory  tract ;  and  also  those  sensory 
nerves  which  supply  the  pharynx,  the  oesophagus,  and  the 
stomach  ;  fibers  which  assist  to  produce  the  secretion  of  the 
saliva ;  fibers  which  tend  to  arrest  the  secretion  of  the  pan- 
creas ;  a  special  inhihitory  nerve  upon  the  vaso-Tnotor  cerder 
of  the  medulla  oblongata  ;  and,  finally,  a  special  set  of  fibers 
which  both  augment  and  retard,  at  will,  the  action  of  the 
respiratory  center  of  the  medulla  oblongata. 

As  the  pneumogastric  nerve  is  more  apparently,  although 
perhaps  not  more  importantly,  connected  with  the  a^ct  of  respi- 
ration^ we  will  first  consider  the  two  sets  of  fibers  which  have 
been  mentioned  above  as  influencing  the  action  of  the  respira- 
tory center.  It  has  been  shown  by  Rosenthal  that  the  supe- 
rior laryngeal  nerve,  when  stimulated  by  a  galvanic  current, 
decreases  the  number  of  respirations,  whUe  the  main  trunk 
of  the  pneumogastric  nerve,  when  similarly  stimulated,  tends 
to  increase  the  number  of  respirations.  Thus,  the  fact  that 
the  vagus  nerve  possessed  two  sets  of  respiratory  fibers^  an 
acceleratory  and  an  inhibitory,  seems  to  be  well  established, 
although  some  observers  have  not,  as  yet,  admitted  the  posi- 
tiveness  of  the  experiment. 

As  regards  those  branches  of  the  pneumogastric  which 
seem  to  exert  a  specific  infiuence  upon  the  various  secretions 
of  the  alimentary  canal,  we  have  yet  much  to  learn.  As  a 
general  rule,  it  may  be  stated  that  anything  which  tends  to 
create  an  increased  activity  in  the  epithelial  cells,  rather  than 
in  the  blood  supply  of  the  part,  tends  also  to  increase  the  se- 
cretion.    Thus  a  drug  may  excite  any  special  secretion,  first, 

'  Sommcrbrodt  (**  Centralbl.  f.  d.  mcd.  Wiss.,"  December,  1880)  points  out  a  mechan- 
ism of  compensation  by  which  the  action  of  the  lungs  and  of  the  heart  is  coordinated. 
ThoB,  a  rise  in  the  intra-bronchial  pressure  (as  occurs  in  singing,  crying,  coughing,  etc.), 
by  irritating  the  sensory  nerves  of  the  lungs,  excites  a  reflex  depressing  action  on  the 
▼aso-motor  and  cardio-inhibitory  nerves.  The  resulting  vascular  dilatation  and  accclera- 
tioQ  of  the  heart's  action  react  upon  the  lung  in  two  ways.  They  prevent  the  natural  ten- 
dency to  stasis  of  the  blood  in  the  bronchial  walls,  and  they  insure  the  rapid  renewal  of 
oxygen,  demanded  by  the  increase  in  pulmonary  activity. 


by  actiiig  upon  the  nerve  center  which  controls  that  put 
secondly,  by  a  retlex  act  through  the  nerves  of  thff  pan 
thirdly,  by  acting  iis  a  direct  chemical  stimulus  to  the  ceils 
and,  fourthly,  by  increasing  the  amount  of  blood  in  the 
part,  through  dilatation  of  the  biood-vessels. 

That  an  hthihllory  effect  upon  the  vaso-inotor  ceiUer  of  the 
medulla  is  possessed  by  some  of  the  fibers  of  the  pneamogis- 
tric  nerve,  is  proven  by  the  effect  of  galvanism  of  the  ragtu 
upon  blood  jiressure  ;  sine*;,  when  the  depressor  nen-e  of  the 
heart  is  divided  and  the  end  connected  with  the  brain  is  gal- 
vanized, the  blood  pressure  falls,  although  the  heart  is  nut 
affected,  as  it  would  be  if  the  cardiac  portion  of  the  nem 
were  stimulated. 

COUBSB  OF  THE   PNKCMOOASTRIC    NKRVB    OF   THE   TWO   SIDES. 

The  important  functions  of  the  vagus  render  it  neoeaauy 
that  every  precaution  shall  be  taken  by  Nature  to  prevent  Jb 
possible  injury,  especially  during  its  passa^  thruugfa  the 
neck  ;  since,  within  the  thoi-ax  and  the  t;avity  of  the  abdomen, 
the  viscera  and  the  bony  encasements  tend  to  render  all  possi- 
ble dangers  of  injury  a  minimum.  We  therefore  find  tiil« 
nerve  inclosed  within  the  sheath  of  the  carotid  artery,  whep* 
it  is  placed  between  f/te  artery  and  the  internal  jiigvlar  rriii, 
lying  abo  posteriorly  to  them  both.  By  this  proiimon  the 
nerve  is  placed  between  fluid  tipim  either  side^  and  tbOB  ril 
danger  of  transmitted  forc«  affecting  it  is  ob'\iated,  while  tbe 
deep  situation  of  the  carotid  and  the  close  proximity  of  tt* 
transverse  processes  of  the  cervical  vertebrffi  make  the  BOW 
secure  from  the  danger  of  wounds  of  pointed  instruroenta.  R 
is  almost  an  impossibility,  therefore,  for  this  nerve  to  beodW 
involved  in  any  form  of  accident,  without  the  large  vesaebfif 
the  neck  being  simultaneously  injured  and  the  patientntd- 
ficed. 

Even  in  the  jugular  foramen  the  nerve  is  lerappedlmOU 
»a7ne  sheath  as  the  spinal  accessory  nermc,  and  it  is  pliorf 
behind  both  the  glosso-pharyngeal  nerve  and  the  Jngilv 
vein ;  while,  to  reach  the  commencement  of  the  ooiiubod  (»■ 
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rotid  artery,  the  nerve  is  placed  in  close  relation  to  the  inter- 
nal carotid  artery  and  the  jugular  vein. 

As  the  nerves  of  either  side  reach  the  lower  portion  of  the 
neck,  each  takes  a  different  course.  The  right  nerve  passes 
between  the  subclavian  artery  and  vein,  then  along  the  side 
of  the  trachea,  then  to  the  back  of  the  root  of  the  lung,  then 
along  the  side  of  the  oesophagus  as  two  cords,  then  as  a  single 
cord  along  the  back  of  that  tube  through  the  oesophageal 
opening  of  the  diaphragm,  and  terminates  in  the  solar  and 
splenic  plexuses,  after  giving  off  branches  to  the  posterior 
surface  of  the  stomach,  and  some  filaments  to  the  liver.  The 
Itft  nerve  passes  between  the  left  common  carotid  and  left 
subclavian  arteries  and  behind  the  left  innominate  vein,  then 
arches  across  the  aorta  and  passes  to  the  back  of  the  root  of 
the  lung,  then  as  two  cords  along  the  sides  of  the  oesophagus, 
where  it  joins  with  its  feUow  to  form  the  oesophageal  plexus, 
then,  as  a  single  cord,  in  front  of  the  oesophagus  through  the 
oesophageal  opening  of  the  diaphragm,  when  it  supplies  the 
anterior  surface  of  the  stomach  and  probably  terminates  in 
the  hepatic  plexus. 

THE  EFFECTS   OF   SECTION   OF  THE   PNEUMOGASTRIC   NERVE. 

The  effects  of  section  of  both  of  the  pneumogastric  trunks,* 
if  made  below  the  jugular  ganglion,  are  most  markedly  ex- 
hibited in  the  larynx,  the  lungs,  and  the  heart. 

I^ects  upon  the  Larynx, — The  larynx  becomes  impaired 
in  its  function,  and  the  glottis  remains  partially  closed  by  the 
vocal  cords,  whose  abductor  muscles  are  now  paralyzed,  thus 
imx)eding  the  free  entrance  of  air  into  the  lung;  and,  as  a 
consequence  of  this,  the  respirations  are,  for  a  short  time, 
hurried  and  difficult,  although  they  soon  become  diminished 
in  frequency.'    The  inspiratory  effort  becomes  unusmilly 

*  Animals  usually  survive  after  one  vagus  nerve  is  divided,  and  present  only  a  hoarse- 
nem  of  voice ;  an  increated  frequency  of  respiration^  emphysema^  or  pulmonary  congestion 
may  be  a  seciucl  to  the  operation.  Union  of  the  divided  nerve  has  been  observed  in 
numerous  instances. 

•  Were  it  not  for  the  nerves  of  the  skin^  and  other  sensory  nerves  which  can  transmit 
the  feeling  of  pain,  and  which  also  possess  the  power  of  exciting  respiratory  efforts,  eec- 
tSoo  of  both  vagi  ought,  theoretically,  to  stop  respiration  at  once. 


while  expiration  is  remarkably  ra]>id  and  soi 
audible  ;  the  intercostal  spaces  sink  inward  during  the  eleva- 
tion of  the  ribs,  showing  that  the  lungs  are  not  fully  inflate*) 
with  air,  and  death  ocx'urs  in  from  one  Ut  six  days,  as  th*" 
result  of  pulmonary  consolidation.  There  are  no  s^-ruptoDi^ 
accompanying  the  appi-onch  of  death,  except  a  gradual  fail- 
ure of  respiration  and  a  peculiar  slug^shnesn, '  which  is  char- 
acteristic iind  probably  dependent  upon  carbonic-acid  poi- 
soning. 

The  immediate  cause  of  death  can  undoubtedly  be  attri- 
buted to  the  altered  condition  of  the  lungs,  which  present  a 
state  of  simple  vascular  engorgemt^d,  without  any  appormt 
inflammatory  condition  either  of  the  lung  or  pleura.  In  verj' 
young  animals,  the  division  of  the  vagi  is  followed  by  almuet 
immediate  death,  but  this  is  attributable  rather  to  paralysis 
of  the  glottis  and  the  ensuing  suffocation  than  to  pulnwoarj 
congestion,  which  requires  time  for  its  development. 

Effects  upon  the  Lungs. — There  have  been  many  theorin 
advanced  to  explain  the  effects  of  division  of  the  pneamo- 
gastric  nenes  upon  the  lung  tissue,  and  jmrticularly  to  ex- 
plain why  such  an  operative  procedure  should  Iw  followed  by 
excessive  i)iilmonary  hyperasmia,  so  as  to  cause  the  specif'' 
gravity  of  the  lungs  to  exceed  that  of  water.  It  seems  to  m 
that  the  theory,  that  the  entrance  of  secretions  or  food  into 
the  lung  through  the  paralyzed  glottis  (which  can  oo  tonga 
spontaneously  expel  any  foreign  body)  will  exi>la{n  the  «»■ 
solidation  of  the  lung  as  a  direct  result  of  irritation,  'i»  notSH- 
tained  either  by  the  imthology  of  the  pulmonary  lesioD  or  Iff 
experiments  where  a  canula  has  l>een  placed  in  the  larynx  to 
prevent  this  cause  of  irritation.  Bernard  has  explained  il  on 
the  ground  that  trattmatic  emphyKema  of  the  lunp  is  devel- 
oped from  the  labored  insjiiratory  efforts  made  by  the  aninul 
after  the  division  of  the  vagi,  thus  creating  a  wiecAaniW 
httnmrrhage  which  eventually  consolidates  the  lung  ttasiw- 
He  sustains  this  theory  by  the  fact  that  birds,  whose  luifi* 
are  fixed  and  immovable,  and  are  therefore  inexpanrible,  fd 

■  Tb«  eoKtitUiaat  whiob  otteo  ■ooonipuij  sspbjxin  are  uauallj  «I>*mI  ia 
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t6  present  this  condition  when  the  vagi  are  divided,  although 
death  is  produced. 

To  my  mind,  the  most  plausible  explanation  of  the  effects 
of  this  operation  upon  the  lungs  may  he  regarded  as  a  purely 
mechanical  one,  dependent  upon  the  impeded  entrance  of 
air  through  the  larynx.  During  each  inspiratory  effort,  the 
depression  of  the  diaphragm  and  the  elevation  of  the  ribs 
tend  to  create  a  vacuum  within  the  pleural  and  pericardial 
sacs,  and  thus  favor  the  entrance  of  both  air  and  blood  into 
the  thorax.  So  long  as  the  entrance  of  either  one  remains 
unimpeded,  the  proper  balance  between  the  two  is  preserved, 
and  neither  too  much  air  nor  too  much  blood  is  sucked  in  with 
each  inspiration ;  but,  when  the  air  is  prevented  from  enter- 
ing, an  excess  of  blood  flows  into  the  lung  with  each  inspira- 
tion, and,  in  the  course  of  time,  the  lung  is  thus  mechanically 
consolidated.  Were  the  number  of  respirations  not  greatly 
decreased  from  the  normal  standard,  the  duration  of  life 
would  probably  be  proportionally  shortened,  as  the  same 
eflfect  would  be  produced  in  shorter  time.  The  death  of  birds 
and  some  other  animals,  after  section  of  the  vagi,  may  possi- 
bly be  explained  on  the  ground  of  a  too  powerful  impression 
upon  the  respiratory  center, 

I^ects  upon  the  Heart. — In  addition  to  the  effects  upon 
the  lungs,  division  of  the  pneumogastric  nerves  is  followed  by 
a  marked  alteration  of  the  action  of  the  heart.  The  effects 
are  somewhat  similar  to  those  which  might  result  if  the  gov- 
ernor of  a  steam-engine  were  suddenly  removed,  and  the 
piece  of  mechanism  allowed  to  proceed  without  its  control- 
ling influence.  Thus  the  heart  increases  slightly  in  the  rapid- 
ity of  its  pulsations,  and  the  amount  of  cardiac  pressure 
becomes  slightly  diminished^  when  one  of  the  nerves  is  sev- 
ered ;  but,  when  both  are  divided,  the  respiratory  symptoms 
far  outweigh  those  of  the  heart,  but  its  action  is  still  accel- 
erated and  often  irregular,  since  the  inhibitory  power  of  the 
nerves  is  destroyed. 

Effects  upon  the  Digestive  Tract,  —  The  esophageal 
branches  of  the  vagus  are  the  motor  nerves^  which  control  the 
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peristaltic  action  Kit  that  tube  (as  is  proveu  by  the  fact  thw 
division  of  the  pneiiraogastrie  nerves  of  both  sides  ouises 
<;omplete  paralysis),  and  also  the  means  by  which  senxalion 
is  afforded  t^)  its  mucous  lining.  In  animals  which  hare 
been  subjected  to  division  of  the  vagi,  attempts  to  swallow 
food  in  any  considerable  quantities  create  a  dwlention  ut 
the  upper  part  of  the  cesophogiis,  and  regurgitation  by  meaas 
of  the  mouth  takes  place  without  the  food  eutering  the 
stomach,'  as  was  proven  by  Bernard,  who  made  a  gostiic 
fistula  in  a  dog  before  dividing  the  pnenmogastrics,  in  order 
to  decide  this  point.  From  what  source  the  motor  fibe» 
which  control  the  movements  of  the  cesophagiis  are  derived 
by  the  pueumogastric  nerve  is  still  a  matter  of  duabt ;  the 
root  of  the  nerve  itself  seems  to  possess  some  inflaenco  upon 
it,  thus  showing  that  it  c^n  not  be  tmeed  to  the  nerves  whidi 
communicate  with  it  below  the  jugular  foramen. 

The  branches  which  are  distributed  to  the  liner  by  the 
pneomogastric  nerves  ai-e  probably,  iu  some  way,  eomiectwi 
with  the  glycogenic  function  of  that  organ,  since  tUvisiuD  of 
these  nerves  causes  the  liver  to  yield  no  traces  of  sugar  ate 
the  animal  succumbs,  which  is  contrary  to  the  result  obtUMd 
after  deiith  in  animals  which  have  these  nenes  intact.  Wbn 
the  nerves  are  divided  in  the  living  animal,  and  the  end  IHi^ 
est  to  the  brain  is  galvanizetl,  an  increase  of  sugar  bi  fli 
blood  is  thus  artificially  produced  at  any  time  during  theHb 
of  the  animal,  and  traces  of  the  same  may  also  Ite  foond  ii 
the  urine.  A  similar  hyper-secretion  fif  sugar  by  the  lifff 
may  be  also  noticed  after  the  inhalation  of  irritating  rapon 
or  anesthetics,  probably  through  the  influence  of  the  vi^p. 

The  gastric  branches  of  the  pneumogastri(;8  show  a  maritri 
alteration  in  their  power  of  control  over  that  organ  wbeo  ifc* 
main  nerve  trunks  are  divide<l.  The  mucous  lining  of  Ae 
stomach  t)ecomes  at  once  ])ale,  and  the  secretion  of  gaatriv 
juice  apparently  arrested,  although  a  slight  amount  (rflfr 
cretion  nmy  retnra  in  a  few  days  if  the  animal  survivn.    Tt« 
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sensations  of  hunger  and  thirst  remain,  but  are  sensibly  di- 
minished. Absorption  by  the  stomach  is  evidently  delayed, 
but  not  arrested,  as  has  been  proven  by  the  introduction  of 
poisons  into  that  organ. 

The  intestinal  branches  of  the  vagi  unquestionably  con- 
trol the  secretions  of  the  canal,  and  section  of  the  nerves 
has  been  shown  to  prevent  the  action  of  the  most  powerful 
cathartics,  even  in  fatal  doses,  when  administered  immedi- 
ately before  the  vagi  were  divided.  It  is  still  a  question 
whether  the  pneumogastric  nerves  iniluence  the  secretions  of 
the  intestinal  canal  directly,  or  through  the  sympathetic  sys- 
tem by  means  of  communicating  filaments. 

If  the  latter  be  the  case,  those  filaments  of  communication 
which  control  the  stomach  and  cBsophagus  must  be  sought  for 
high  up  in  the  cervical  region. 

CLINICAL  POIXTS  PERTAINING  TO  THE   PNEUMOGASTRIC   NERVE. 

The  physiological  function  of  the  separate  branches  of  the 
pneumogastric,  as  mentioned  in  preceding  pages,  will  assist 
you  in  appreciating  the  various  manifestations  of  diseased 
conditions  of  the  main  trunk  of  the  vagus,  or  of  its  individual 
branches.  You  can  understand,  from  what  has  previously 
been  said,  that  the  eflfect  of  degeneration,  section,  or  pressure 
upon  this  important  nerve  must  vary  with  the  seat  of  the 
lesion ;  since  those  branches  given  off  above  the  point  where 
the  nerve  is  impaired  will  manifest  their  usual  powers,  while 
those  given  oflf  below  that  point  will  show  symptoms  of  par- 
tial or  complete  paralysis.  We  can,  therefore,  study  the  effects 
of  impairment  of  the  pneumogastric  nerve  by  considering  the 
individual  branches  in  their  order  from  above  downward,  and 
recording  the  special  types  of  disease  which  are  liable  to  cre- 
ate symptoms  referable  to  each  branch. 

The  pharyngeal  branch  contains  both  motor  and  sensory 
fibers ;  hence  injury  to  its  structure  will  create  both  paralysis 
and  anaesthesia,  while  simple  irritation  of  its  fibers  will  tend 
to  create  contraction  or  spasm  of  certain  muscles  to  which 
its  motor  fibers  are  distributed.     We  thus  see,  in  attacks  of 
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hysteria,  the  .so-called  "■  f/lolms  ?i,i/atericus,'"  »  Hpasmodii: 
affection  of  the  pharynx,  due  t«  sonip  irritation  of  the 
pneumogastric  trunk  or  (jf  the  pharj-ngeal  brandies.  WV 
also  occasionally  meet  true  pai'alysis  of  this  brunvfa ;  in 
which  case,  the  iict  of  deglutition  is  greatly  impaiivd,  aod. 
if  the  disease  is  bUateral,  swallowing  is  rendered  almost  u 
impossibility. 

The  superior  laryngeal  branch,  whose  function  Is  lo  Mip- 
ply  the  mucous  lining  of  the  larynx  with  sensibility,"  becomm, 
under  irritation,  the  cause  of  "spasm  of  the  gIottin"  and 
of  "whooping-cough."  The  former  condition,  colled  nbo 
"siridulous  larpn</liis^'  and  "Kopp's  asthma,"  is  a  disea* 
peculiar  to  children,  which  tends  toward  a-sphyxia,  hut  whirb 
is  rarely  if  ever  fatal.  It  usually  occurs  during  the  night, 
and  seems  to  affect  children  who  have  been  in  apparent  he&ltfa. 
It  is  most  common  during  the  cold  months  ;  is  somutiiDeA  as- 
sociated with  convulsions  ;  and  is  characterized  by  a  sitrilaBt 
character  to  the  respiration,  pallor,  or  turgidity  of  the  coiui' 
tenance,  and  a  peculiar  reti-a<!tion  of  the  head.  In  tare  caats. 
this  condition  is  met  with  in  the  adult,  daring  attack.s  of  hj> 
teria.  It  seems  to  be  dependent,  in  children,  upon  dentitjnn, 
digestive  irritation,  ansemia,  rickets,  etc. 

The  exjieriments  of  Rosenthal  seem  to  point  to  the  snperew 
laryngeal  nerve  as  the  exciting  cause  of  the  (ronpi4isifr  covffi 
of  ^'■pertussis,'"  and  also  of  that  analogous  cough  often  md 
with  in  hysterical  subjects,  since  artihcial  stimulation  of  ttw" 
nerve  produced,  with  this  observer,  similar  results.  WhcUiff 
the  irritation  of  the  nerve  proceeds  from  the  catarrhal  in- 
flammation which  exists  in  the  respiratory  passages,  or  ini* 
tation  of  some  spinal  or  cerebral  center,  is  not  yet  well  dete*- 
mined. 

The  reeurrent  laryngeal  branch  is  of  great  clinical  impor- 
tance, since  its  peculiar  course  often  makes  it  a  guide  to  atwo- 
rism  of  the  large  blood-vessels  by  the  peculiar  symptoms  wind) 

'  S«e  pkge  tZi  ol  this  Tolunii.-. 

*  The  reader  U  referred  to  "  A  Treatiic  on  Sut^cal  DIagDiiaU  "  (Xaw  Yufc,  IWL  ** 
tiw  MiUior,  for  all  the  poiati  of  diagiunii  of  thii  tjp*  of  ditowe. 
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it  creates  within  the  larynx.'  The  so-called  "brassy  cough" 
is,  by  some  surgeons,  considered  as  pathognomonic  of  press- 
ure ui)on  or  irritation  of  this  branch,  and  strongly  indicative 
of  aneurism  of  the  subclavian,  carotids,  the  arteria  innomi- 
nata,  or  of  the  left  side  of  the  arch  of  the  aorta. 

This  branch  may  be  affected  by  central  causes,  as  well  as 
by  peripheral  pressure  or  irritation.  As  examples  of  the  cen- 
tral causes  of  impairment  of  this  nerve  may  be  mentioned 
those  cases  of  apoplexy,  cerebral  tumors,  hysteria,  diphthe- 
ria, typhoid  fever,  and  reflex  irritation  from  diseases  of  the 
utems  or  genitals,  where  the  larynx  is  markedly  affected. 
The  peripheral  causes  which  more  commonly  affect  the  recur- 
rent laryngeal  nerve,  include  catarrhal,  tuberculous,  and 
syphilitic  inflammations  of  the  larynx,  traumatism,  the  press- 
ure of  growing  tumors,  as  aneurism,  goitre,  sarcoma,  cancer, 
lymphatic  tumors,  tumors  of  the  oesophagus,  etc. 

_  ■ 

The  experiments  of  Bernard,  Bischoff,  and  Waller '  (given 
in  some  detail  in  previous  pages)  will  help  to  explain  how  a 
lesion,  which  excites  laryngeal  symptoms,  may  occasionally 
be  situated  away  from  the  line  of  the  pneumogastric  nerve, 
since  the  spinal  accessory  nerve  may  be  the  seat  of  irritation 
or  degeneration.  They  will  also  help  to  explain  why  the  ef- 
fects of  bilateral  paralysis  of  the  recurrent  branch  do  not 
produce  dyspnoea,  at  the  same  time  that  it  causes  the  voice 
to  be  lost ;  why  the  vocal  cords  are  seen  to  be  cadaveric  and 
relaxed ;  and  why  the  act  of  coughing  and  the  expulsion  of 
laryngeal  mucus  is  no  longer  possible. 

The  pvlmonary  hranclies  of  the  nerve  are  unquestionably 
concerned,  to  some  extent,  in  the  conditions  associated  with 
bronchial  S2)asm,  since  asthma  may  be  developed  by  mental 
influences  acting  upon  the  origin  of  the  vagus.  Moreover,  we 
often  see  severe  types  of  this  disease  produced  by  the  press- 
lure  of  thoracic  tumors  upon  the  pneumogastric ;  by  the  in- 
halation of  substances  possessing  slight  irritative  qualities; 
by  uterine  irritation,  acting  as  a  cause  of  reflex  action  through 
the  pneumogastric  nerve;  and  by  fright,  shock,  exposure, 

>  See  page  264. 
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etc.  The  symptoms  of  asthma  are  too  well  knovm  to  be  hen- 
repeated. 

We  have  one  other  condition  developed  as  the  effect  of 
pressure  upon,  or  desti-uetion  of,  the  vagiis,  viz..  parulf9is<^ 
the  pulmonary  branches  and  the  ct>n8eqiient  panUj-tio  ctiiKli- 
titm  of  the  blood-vessels  of  the  lung.  It  is  to  this  condilluo 
that  some  authors  attempt  to  refer  the  serou-s  infiltratini 
into  the  parenchyma  of  the  long  which  follows  section  of  ihii 
nerve;'  and  we  know,  clinically,  that  a  similar  condition  b 
sometimes  produced  by  compression  of  the  nerve  by  a  tuber- 
calous  or  cancerous  degeneration  of  the  lymphatic  glands 
especially  those  situated  near  to  the  bifun'ation  of  the  traclMQ, 
and  by  aneurism  of  the  thoracic  vessels.  The  same  omdiUflS 
has  been  observed  after  injuries  to  the  orgjins  of  the  cbtst, 
and  from  the  section  of  aome  of  the  branches  of  ihe  vainB. 
during  an  attempt  to  ligate  the  subclavian  in  its  first  [wrtM 
or  the  arteria  innominata. 

The  cardiac  branches  seem  to  exert  a  more  marked  effert 
upon  the  heart  when  exjjosed  to  irritation  than  when  actu- 
ally destroyed  by  degeneration  or  section.  An  arttGriil 
"angina  pectoris"  may  be  pmduced  by  pressure  npon  tlw 
vagus  in  the  neck  (as  performed  by  Czermak  apon  himwifv 
and  the  heart's  action  may  thus  be  almost  entirely  urresK*! 
It  may  Ik^  stated,  I  think,  that  angina  jM-ctoris.  someiinw 
called  "cardiac  neural^a,""  is  one  of  those  neiiroses  of  (h? 
heart  which  depend,  to  a  large  extent,  upon  changes  of  ■ 
secondary  character  in  the  terminal  filaments  of  the  vagus  « 
the  cardiac  ganglia. 

The  symptoms  of  this  affection  are  very  distnessin^i  («» tli» 
patient,  and  often  fatal.  The  attack  usually  begins  with  a 
sense  of  extreme  constriction  within  the  chest,  which  is  W- 
lowed  by  radiating  pains  of  a  very  intense  chamcter.  whid 

'  For  tba  dilferotit  thporire  advitiia^  to  tiiilnin  (his  tlTucl,  ihe  re«J«r  b  iiftili<  * 
p«go  SGO  of  thil  TQlome. 

*  I  prefer  to  limit  tbe  term  "  naf^oa  ptOom  "  to  thOM'  i«M«  odI*  whw*  tb*  (BM* 
caiiMt  h**o  resulted  in  de/eetivt  htart  pover,  ao  J  to  apply  tlie  Mrm  "  eu41ae  BMnl^ 
lo  tboM  MM8  wb<Tc  tho  (vnx'r  at  the  heart  is  normal,  Tlili  I  connhk*'  la  k*  li*  i* 
pUbotoglMl  diatitictioQ. 
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shoot  down  the  arm  or  into  the  neck.  The  paroxysms  pro- 
duce the  most  rapid  exhaustion,  and  are  not  usually  long 
continued.  The  various  pathological  conditions  found  to 
exist  in  this  affection  include  an  ossified  state  of  the  coro- 
nary vessels  (thus  interfering  with  the  nutrition  of  the  heart 
walls) ;  cardiac  hypertrophy  (which  is  usually  of  that  form 
called  compensatory,  since  the  cavities  of  the  heart  are  gen- 
erally dilated) ;  fatty  degeneration  of  the  heart ;  valvular 
lesions  (with  their  secondary  changes  in  the  size  of  the  cavi- 
ties) ;  and  aneurism  within  the  pericardial  sac. 

The  gastric  branches  of  the  vagus  are  associated  with  the 
conditions  of  gastrodynia  (cardialgia),  boulimia,  polydipsia, 
nervous  vomiting,  and  disorders  of  the  secretory  follicles  of 
the  organ,  as  well  as  its  power  of  absorption.  Gastrodynia  is 
a  jmroxysmal  attack  of  neuralgia  of  the  sensory  fibers  of  the 
stomach.  It  produces  x>^in  of  the  most  intense  character, 
which  often  compels  the  strongest  subjects  to  writhe  in 
agony,  and  to  become  bathed  in  a  profuse  perspiration,  irre- 
spective of  the  temi)erature  of  the  atmosphere.  The  face 
becomes  bloodless,  the  limbs  cold,  the  abdomen  retracted,  and 
the  pulse  small  and  irregular.  The  attacks  are  usually  of 
short  duration,  and  are  most  frequently  terminated  by  eruc- 
tations and  vomiting.  This  disease  is  met  with  in  hysterical 
and  ansemic  subjects,  in  the  course  of  diseases  of  the  uterus 
and  ovaries,  in  spinal  and  cerebral  affections,  and  in  certain 
dyscrasise. 

An  abnormal  condition  of  hunger,  which  is  appeased  by 
small  quantities  of  food,  but  which  returns  at  frequent  inter- 
vals with  an  uncontrollable  desire,  often  interrupting  the 
hours  of  sleep,  is  produced  by  some  disordered  condition 
of  the  vagus,  and  is  called  ^^houlimiay  This  affection  is 
met  with  in  hysterical  patients,  after  prolonged  fevers,  in 
severe  forms  of  nervous  debility,  in  syphilis,  insanity,  and 
diabetes. 

By  '^ polydipsia^^  we  mean  an  intolerable  thirst,  depend- 
ent ui)on  an  hypersBsthesia  of  the  nerve  fibers  of  the  mucous 
membrane  of  the  stomach,  pharynx,  and  mouth,  and  prob- 
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ably  due  to  aome  abnormal  state  of  the  pneamogastric  Hi 
It  IB  often  an  associate  symptom  with  buulimia.  and  is 
duced  by  the  same  general  causes. 

The  state  of  ^'polpphagia''  signifies  a  desire  for  exc«aBin> 
quantities  of  food.  It  is  supposed  to  exist  wlien  the  nem 
fibers  of  the  vagus  distributed  to  the  stomach  are  in  a  state  «f 
anfesthesia,  in  contrast  to  the  condition  producing  tbe  tm 
previous  diseases.  It  has  been  found  to  accompany  soflA> 
ing  of  the  medulla  oblongata,  compression  of  the  n>ota  of  tht 
vagus  by  an  aneuriamal  tumor  of  the  vertebral  artery,  attophi 
of  the  vagi,  neuromata  of  the  vagi,  and  the  morbid  states  of 
epilepsy,  insanity,  and  hysteria. 

The  nerrous  vomiting  which  is  clinically  observed  in  «•■ 
nection  with  pregnancy,  chlorosis,  hysteria,  digestive  diirtiiib- 
ances,  and  gastrodynia,  is  not  to  be  confounded  with  thatuf 
local  diseases  of  the  stomach  or  of  the  alimentary  canal,  sinw 
the  symptom  depends,  purely  and  exclusively,  upon  someiK 
normal  condition  of  the  nerves,  nither  tlian  u{>on  jiatbolc^al 
changes  in  the  stomach  or  intestine. 

True  paralysis  of  the  gastric  Iiranches  of  the  vagns  msst, 
of  necessity,  arrest  the  peristallac  movement  of  that  oipa, 
and  thus  tend  to  favor  the  retention  of  food  within  its  carily. 
This  may  be  the  explanation  of  the  enormous  enlargemart  <i 
the  stomaeh  found  after  chronic  inflammatory  processes  «f 
that  organ,  and  also  aa  a  sequel  to  cholera,  typhoid  bnT* 
and  some  other  blood  poisons.  The  stomach  beconw  M- 
lai'ged  in  these  conditions  mainly  by  the  weight  of  tkt 
retained  food  and  the  pressure  of  the  gases  formed  by  fb 
decomposition. 

The  intestinal  and  hepatic  branches  of  the  vaj^n  miot 
well  understood  in  their  clinical  phenomena,  bnt  the  eflMM 
of  section  of  the  pneumogastric  seem  to  point  to  some  coi- 
trolling  influence  of  these  fibers  over  the  glycogenic  (onotiai 
of  the  liver  and  the  secretion  of  the  intestinal  juiceH.  Tfce 
effect  of  diseases  of  the  perit^>n»>ura,  or  of  the  obdcmdlHl 
viscera,  u])on  the  heart  and  respiration,  is  to  be  explaiiKd 
either  aa  the  direct  result  of  irritation  of  these  fibura,  OTM* 
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reflex  act  through  the  sympathetic  nerve  upon  the  cardiac 
and  respiratory  centers,  thus  in  turn  affecting  the  heart  and 
lungs  thrttugli  the  vagus, 

TUE    fSPINAl-   AUCEB80RY,   OK   ELEVENTH   CRANIAL  NERVE. 


This  nerve  has  a  very  extensive  origin,  since  it  derives  its 
tibers  nut  only  from  the  niedalla  oblongata,  but  also  from  the 
cervical  portion  of  the  spinal  coi-d.  The  tibers  which  arise 
from  the  medulla  compose  what  is  called  the  '■^bulbar  por- 
fio-zi^"  in  contrast  to  those  which  arise  from  the  cervical  region 
of  the  spinal  cord,  to  which  the  name  of  "  spinal  portion"  is 
sometimes  given.  Such  a  distinction  has  an  importance,  dis- 
tinct from  merely  indicating  the  point  of  origin  of  the  fibers 
composing  the  two  portions  of  the  nerve,  as  the  /uncHona  of 
the  two  are  different. 

If  we  trace  the  tilamenta  of  origin  of  the  bulbar  jiortion  of 
the  nerve,  we  can  perceive  that  the  fibers  arise  from  the  la/- 
eral  columns  of  the  medulla  oblongata  (its  motor  tract)  and 
escape  from  its  lower  portion,  beneath  the  fibei-s  of  the  jmeu- 
mogaatric  nerve.  The  spinal  portion  of  the  nerve  can  be 
traced  between  the  anterior  and  the  posterior  roots  of  the 
first  five  cervical  nerves,  arising  from  between  the  roots  of 
each  nerve  by  a  pair  of  filaments,  with  the  exception  of  the 
last  two,  where  tiie  filament  going  to  form  the  spinal  accessfiry 
nerve  is  usually  a  single  one.  These  several  til)ers  unite  as 
the  nwve  passes  upward  toward  the  cranium,  thus  causing 
the  spinal  portion  of  the  nerve  to  gradually  increase  in  size. 
In  the  cranium,  the  two  parts  join  to  form  one  ners-e,  which 
then  escapes  from  i\i^  jugular  foramen^  in  company  with  the 
pnenmogaatric  and  glosso-pharynge-al  nenes  and  the  jugular 
vein.  The  inferior  meningeal  artery  enters  the  cavity  of  the 
cranium  through  this  foramen,  and  therefore  bears  a  relation 
to  the  nerves  and  vein. 

The  spinal  accessory  nerve  receives  filaments  of  communi- 
cation with  other  nerves,  even  before  it  escapes  from  the 
cavity  of  the  cranium,  since  the  spinal  portion,  on  ita  way 


upward  to  unite  with  the  bulbar  portion,  is  juinedl 
ments  derived  fixjtn  the  two  upper  cervical  nen'es  while  i 
the  spinal  canal. 

After  the  nerve  has  emerged  from  the  jugular  foramen, ; 
gives  off  a  large  branch  to  the  pneumogastric  nerye,  and  vea 
sionally  receives  a  hlament  tmrn  the  pneumogastric  in  return 


rnnk  of  the  fodil  ncrrc ;  li,  a,  glosio-phiimifol  nctrc;  H,  S,  pnnanoBMtrir;  (.V 
Inml  of  thf  ifiinal  acttnorn  y  S,  Bublingual  Derve ;  S,  RuperiOT  cerrlnl  ptfi* 
^,  7,  uuuitomiwl!!  of  the  first  two  crrrical  oerve* :  8,  carotid  bntncb  of  IM  (JM 
Ihetic;  9.  10,  II,  12,  13,  brBiicluuof  the  glorao-phirjn^jvd ;  14.  l&,luMMh*irfl 
f lUul ;  in,  olic  gBDgUoD  ;  17,  iiurimilBr  br&Di^  uf  the  pmnimoinMric ;  lt,M<l 
motiiip  bmneh  from  At  ipiiial  accf—orji  lo  fit  pttmrnoffattrit ;  19,  mmM^tK^tli 
Brn  t»ir  of  ccnricsl  nerrcB  with  the  aublingual ;  20,  anoMomomt  of  lit  ^md  m 
tory  »Uk  the  (wanij  pair  of  trrvital  nrmt ;  !1,  /AMyngml  plant ;  St,  i^d 
laryoge*!  ucnc  ;  23,  eiteroal  larf ugciU  nerrc ;  St.  luiddi*  ccnicBl  K»%l>n« 

while,  in  its  ouurse  down  the  neck,  it  receives  filanwnb  i 
commnnication  from  the  second,  third,  and  foartfa  oeatid 
nerves,  in  case  these  nerves  do  not  commnnicate  wiA  ll 
spinal  portion  within  the  spinal  canal. 

After  the  nerve  has  sect  its  upper  filament  to  thftj 
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The  second  branch  commnnicates  with  the  second  and 
third  cenical  nenes,  before  it  pierces  the  stemo-mastoid 
muscle,  and  its  lilainents  undoubtedly  furnish  viotoT  power 
to  that  muscle  and  also  to  the  trapezius.     It  is  proven  by  ex- 


Fio.  m.—A  diagram  of  Iht  tf 

,\,  the  aeeator^v  pinion  of  the  nerve  iriBing  from  the  mtdu'la  oblonpala  ;  2,  iho  tpinal 
porlion  of  the  nerve  arisia-:  from  tbe  ^nal  tord  (cervical  r^ion) :  S,  a  liliuDcnt 
BriBing  from  ihejirit  and  frond  cerrical  nerrc3  and  joininj;  the  tpinal  porlioH  of  the 
spinal  ttoccsaory  nerve,  before  jiBBsinS  thniugb  the  foramen  maqnum;  4,  the/ora- 
mai  maffnvTii,  showing  the  ppinal  portion  of  the  nerve  entering  the  cranium  ;  6,  the 
jugular  foramen,  shnwing  the  ipinaf  aod  areatory  porliont  of  tlic  nerve  eonimani- 
cHting  as  they  pass  through  it ;  fi,  the  lai-gt  filameni  going  to  the  pneumogastric  to 
Bupplj  [he  mmcfn  of  the  tarynz,  and  the  tmiul  JilameJU  returning  to  the  trunk  of  the 
spinal  acceasoty  nerve ;  7,  8,  9,  Slamcnls  of  communication  between  (he  Bpinal 
acceMory  nerve  and  the  third,  fourtli,  and  fifth  cervical  nerves;  10,  muscular branchee 
lo  the  tfrrno-c'ruJii-mnitoid  muacle  ;  11,  muscular  branches  to  the  Iraptaiiu  muscle; 
5  fiUioents  from  the  «rBJoji/)/ni(j  of  nerves. 


periment,  however,  that  section  of  tbe  spinal  accessory  nerve 
does  not  produce  total  paralysis  of  these  muscles  ;  and,  from 

lions  of  Bernard  and  Bisdioff  hive  deraonitrated  the  eiUtence  of  other  motor  fibers  to 
tbe  larjni,  irrespeclivo  of  those  of  the  spinal  nccessoTy,  whidl  seem  to  control  tbe  aulo- 
malie  rapiratorg  rnDttrntnU  of  tbe  gloUia. 


FrycTioys  of  spinal  accessory  nerve. 
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this  fact,  it  is  conclusively  proved  that  some  oilier  sources  of 
nerve  supply  to  these  musfles  exist,  besides  the  !jpinnl  acces- 
sory ftlaments. 

A   TABLE   OF  THE    BRAKCUE3  OF  THE   SPINAL   ACCESSOBY    SERVE." 

Rnuidio  to  tbc  pharysfffo]  plaut. 
liiaiichca  to  tlie  mptrior  largngoO  Dorvc  (knd 
I    (hy    Dicuta  '  Una  Va  Hit  ittpraior  nerve  o/ tht  hart), 

nhi'Bth  of  till.'      Rranuliw  to  the  mwrrvH' /itryojwi' Qi-rv*  (lliua 
nnogaaric  nerw).  I  supplying  the  miuclw  of  phonatiun). 

Dnnch  to  Ihc  ilcno-maMatd  muiclc, 
Unmch  to  ihs  ttegiaitu  mtucle. 

i  1st  cervical  aalt, 

COVHCNlCATtKO  J    Sll  tUTViCAl  DTTVC, 
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The  experiments  of  Benianl,  to  whose  ingenuity  nuich  of 
our  present  knowledge  of  the  function  <if  th--  Imlbar  :iU(l  spi- 
nal portions  of  this  nerve  is  due.  seem 
to  wan-ant  the  conclusion  that  the  bul- 
bar or  medullary  part  of  the  nen^e  pos- 
sesses a  dinM't  control  upon  the  ni  >is- 
rlfs  of  the  pharyiKv  and  laryiix,  but 
no  effect  whatever  upon  the  stemo- 
mastoid  and  trapezius  muscles.  Gal- 
vanism of  the  spinal  portion  of  the 
nen"e  seems  to  have  a  directly  oppo- 
site effect,  since  the  muscles  of  the 
phar>-nx  and  larynx  were  unaffected, 
and  the  t\vo  musciea  of  tlie  neck  to 
which  the  nene  is  distributed  were 
tlirown  into  movement.  It  also  ap- 
pears from  the  results  of  this  great 
exixrimeuler  that  the  nerve  is  essen- 
tially motor  in  iU  fiiurffnii  at  its  ori-  '"™'''  ' 
gin  from  the  medulla  and  spinal  c«rd,  but  that  it  gains  sen- 
sory fibers  after  it  leaves  the  cavity  of  the  craninm,  by  means 

•  Modifiwl  trotn  n  tnblc  in  Iho  "  EstentiaU  of  AMtoaiy"  (Durlin^  4nJ  Eanncj).    Put- 

luni'e  Sont,  Kl-h  Yorli.  1360. 


(LeBim-l 
1.  3.  baw  of  tlic  tongue ;  8,  4, 
qiit^loltia;  R,  9,  |iliirTn»  ;  7, 
■rj-lHtoiil  raitilii^a  1  8,  open. 
ing  between  the  tniv  vihuI 
cords;  »,  »rjimKwjii>rlotli- 
iJean  foUli ;  Id,  utrtilagv  of 
Saninrinl:  lI,cuncltonri  mr. 
tilam;  l°i  lujicrior  rocnl 
cordd ;     18,    \alvnor    vocol 
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of  certain  filament-s  of  conimiiniratinn  derived  from  tbe 
vical  nerves  and  the  pneumogastric.  Tliis  fact  pi-olwibly  ex- 
plains why  two  points  of  comnmnication  should  exist  h^ 
tween  the  spinal  accessory  and  the  pneumogastric;  nerm; 
since,  at  one  point,  the  sensory  iilainents  of  the  pneumogtt- 
trie  were  given  to  the  spinal  accessory,  while,  at  the  oUw 
point,  the  motor  filaments  of  the  spinal  accessory  were  sent  6) 
the  pneumogastric  sheath  for  protection,  until  they  could  be 
disti'ibuted  to  the  muscles  of  the  larynx. 

Bernard  and  Bischoff  have  probably  done  more  lo  dflor^ 
the  disputed  relation  of  tlie  spinal  accessory  nerve  to  Uu  anu- 
cles  of  the  larynx,  and  thus  to  the  acts  of  phonatioa  and  ns- 
piration,'  tlian  any  of  the  later  investigators  upon  thepfayn- 
ology  of  the  nervous  system ,  When  the  spinal  accesaory  nefw 
is  drawn  out  from  the  medulla  and  spinal  cord  of  an  aoinul 
as  can  be  done  with  little  if  any  injury  to  the  nerre,  if  the 
requisite  care  and  skill  he  employed,  the  effect  is  at  OHa 
■nuuii/ested  in,  the  voire,  which  becomes  hoarse  and  unnattmli 
when  the  nerve  of  one  side  only  is  extracted,  bul  entfaeljr 
extinct  when  both  nerves  are  thus  treated.  The  aH  t^fde^ 
fition  is  also  somewhat  affected,  and  the  trapezius  and  BteiBO- 
mastoid  muscles  are  paralyzed,  but  only  to  a  partial  extent 

An  interesting  relation  of  the  spinal  accessory  nerm  to 
the  acfioii  of  the  Jieart  seems  to  be  well  shown  by  the  experi- 
ments of  Waller,  who  first  railed  the  attention  of  the  profcfr 
sion  to  the  fact  that  extirpation  of  tht>  rotits  of  the  B^dad 
accessory  nerve  produced  a  moditicatinn  in  the  effects  of  gal- 
vanism of  the  trunk  of  the  pneumogastric  nerve,  proridKl 
that  sufficient  time  (some  two  weeks)  was  allowed  after  thf 
oin-ration  for  the  initarion  so  pr(«lnced  to  subside.  A»li» 
bwu  mentioned  in  the  jtrcvious  lecture  upon  the  pneutmips- 
tric  nerve,'  galvanism  of  that  nerve  with  a  powerful  cmreai 
will  arrest  the  action  of  the  heart  in  a  state  of  health,  eves  if 

'  Tbc  norvoi  ronMrntd  In  Ibo  Iwo  acta  at  pfiomtlhit  and  rapinlin  va  aM  H  k 

ooaiounilcd.  ■!««  tt  U  probablo  tbki  die  pnouiuojuinc  ncrrc  lewts  Blaumu  at  •  ■■*■ 

B  tlw  Urrni,  irbich  ar«  Indi-pcnJcnl  ol  the  apinal  acccnarr  Dvrrr,  ud  aWA 

pMtMbt;  pRiide  nnr  llw  rmjiinit^yy  ■auMWsb  of  the  glallU,  vbllc  Uw  ajiinat 

«  coMiol*  f-AouiHaa.  '  See  past  i3(f  of  Iblf 


IppUeil  on  one  side  of  the  body.  Now,  Waller  fniind  that 
ifttT  tlie  spinal  acressory  nerve  of  one  side  had  been  drawn 
nr,  and  the  animal  allowed  to  recover  the  shock  of  the  opera- 
tion, and  to  wait  some  days  for  all  Bigna  of  irritation  to  sub- 
nde,  galvanism  of  the  pneumogastric  nerve  of  the  same  side 
10  longer  seemed  to  affect  the  action  of  the  heart.     The  de- 
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Fia.  no. —  The  ipinal  luvfttorji  iiitm.  (Sapp^^.) 
brge  root  of  Ihe  fifth  ocrrc ;  S,  f^glion  of  Goeser ;  3,  nphthnlmic  divl^inii  of  ihc  fifth  ; 
4,  tnpcHor  maxilUrr  divUion ;  A,  infciior  nuuillsvy  diTfiicin :  6,  10,  UnifunI  l,rmeh 
if  iht  fijVi,  eotilalniiig  tht  filamtrdu  of  lilt  chartia  limponi  1  7,  branch  fiiiro  the  Biib- 
Ungual  in  the  IIdeiivI  branch  at  the  fifth  ;  8,  tleirtla  tgtvpani  ;  0,  mfpiior  denial 
noTTc;  10.  termiamlbrBncheii  of  Ihc  gustatory  nerve:  11, submmlllurjr  ganglion  ;  12, 
myMyjmA  branuh  of  the  inferior  dental  ncrffe;  13,  nnierior  belly  of  the  digBBtrit 
muscle;  U,  lection  of  the  mylo-hTtiid  rausclc;  in,  IS,  disto-phai-jpigeal  nrrui;  16, 
pVK^fhm  of  Anileneh  ;  IT,  bntnriia  /rttm  Uu  ff/^MO-piari/Mfeal  lo  lAf  Miila-gUitiK* 
and  Hit  »t]ilo-p!iaryngau  niuncla ;  19,  19,  pnoumngKstric ;  W,  21,  i^ngliK  of  ibe 
pneDniogDStric ;  22.  S3.  aupcHnr  laryngeal  norve;  33,  ^nof  ateruoi'n  :  24,  23,  2U, 
ST,  IB,  miblingual  nerre  and  branchua. 

pressor  nerve  of  the  heart,  which  arises  from  both  the  supe- 
or  laryngeal  and  pneiiniogastric  nenes,  since  it  has  two 
,  must,  therefore,  be  in  some  way  connected  with  the 


266  THE  CRAXlAl  NERVES. 

spinal  accessory  nerve.  It  may,  therefore,  t>e  stated  with  v 
much  positiveness  as  any  physiological  point  can  be  laid 
down,  that  the  coniniiinicating  tilanient  given  off  by  the  spi- 
nal accessory  nerve  to  the  pnenmogastric  controls  the  heart 
fibers  as  well  as  the  ninscles  of  phonation. 

The  distribution  of  the  spinal  accessory  ner%'B  to  only  iwn 
of  the  muscles  of  the  neck— the  «^(^r«o-mfl«/o/(/ and  the /r«- 
^er/«s— would  naturally  suggest,  to  tlie  mquiring  mind,  whv 
these  muscles  should  have  been  singled  out  a^  particalariy 
associated  with  this  nerve.  Thnjughout  this  entire  coaise  o( 
lectures  I  have  frequently  called  your  attention  to  the  facl, 
which  can  not  be  too  often  repeated,  that  the  distributioa  uf 
nen'es  to  muscles  always  denotes  a  purpose,  on  the  part  of 
Nature,  and  a  similarity/  of  fiindian  in  the  mnwles  snpplirf 
by  the  same  nerve,  if  we  will  but  seai-ch  for  it.  Now,  w 
have  already  seen  that  the  spinal  accessory  nene  is  chiefly 
destined  to  control  the  m.\iscles  of  plionutioH,  since  other 
nerve  libers  go  to  the  larynx,  which  assist  in  moving  the  rocal 
coi-ds  during  the  opening  of  the  glottis,  previous  lo  each  in- 
spiratory act ;  therefore,  the  spinal  accessory  nerve  can  Do( 
be  said  t<>  be  directly  concerned  with  the  respiratory  fuiif- 
tion.  If  we  will  study  the  attitude  assumed  by  a  voralbt  a 
the  act  of  singlnf/  (and  it  is  in  the  singing  act,  rather  than 
that  of  talking,  that  we  see  the  mechanism  of  ])hnnation  best 
displayed,  since  it  requires  more  of  a  muscular  effort  than 
the  simple  articulation  of  words),  we  shall  i)erceive  thjit  ibe 
stemo-masfoid  and  the  trapezius  muscles  are  imiK)rtunt  tu"- 
tors  in  the  proditctioti  of  nolvt,  as  thoy  tend  tti  (ix  ihe  nhool- 
ders  (that  is,  the  scapulni  and  the  clavicles)  and  also  tlw 
upper  part  of  the  sternum.  In  all  vocal  efforts,  the  first  art 
necessary  to  its  performance  is  a  full  inspiratory  effort,  whiA 
can  only  be  performed  by  first  calling  into  play  those  mnsnles 
which  render  the  upper  portion  of  the  chest  and  the  bonus  o( 
the  shoulder  immovable,  so  as  to  have  a  fixed  poiut  boi 
which  the  true  inspiratory  musdes  can  act  upf^n  the  ribs  and 
their  cartilage;:'. ;  and  it  can,  therefore,  lie  iinderst^xHl  why 
these  muscles  should  properly  be  placed  under  the  control  ot 
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that  nerve  which  also  controls  the  muscles  which  regulate 
the  position  and  tension  of  the  vocal  cords  during  the  expira- 
tory effort,  and  thus  causes  the  proper  vibrations  of  these 
cords,  and  regulates  the  note  which  follows. 

In  animals,  where  the  muscular  bi^anch  of  the  spinal  acces- 
sory nerve  has  been  severed,  a  difficulty  in  progression  has 
been  observed  by  Bernard,  and  a  i)eculiar  sJtortness  of  breath 
after  violent  exercise.  The  difficulty  in  locomotion  is  not 
present  in  man,  on  account  of  certain  anatomical  peculiarities 
which  render  the  arm  unnecessary  for  progressive  motion, 
which  is  not  the  case  \\ith  quadnipeds  ;  but  the  shortness  of 
breath  which  has  been  observed  would  probably  exist  in  9, 
man  after  violent  exercise,  or  when  any  demand  for  an  exces- 
sively full  inspiratory  effort  occuiTed,  if  the  trapezius  or  the 
sterno-mastoid  muscles  were  paralyzed. 

A  theory  advanced  by  Hilton,  *  as  explanatory  of  the  pe- 
culiarity of  the  course  of  the  spinal  accessory  nerve,  deserves 
mention,  since  it  tends  possibly  to  explain  not  only  the  irreg- 
ular course  of  the  nerve,  but  also  the  object  of  the  coinmuni' 
cation  of  the  sub-occipital  with  the  spinal  accessory  nerves 
within  the  spinal  canal.  According  to  this  author,  the  spi- 
nal portion  of  this  nerve  becomes  joined  to  the  sub-occipi- 
tal before  it  enters  the  cranium,  and,  since  that  nerve  is 
almost  exclusively  a  motor  nerve,  what  object  could  the 
spinal  accessory,  which  is  itself  a  motor  nen^e,  have  in  send- 
ing additional  filaments  to  the  sub-occipital,  unless  it  was  for 
the  purpose  of  sending  fibers  to  the  inferior  oblique,  the  two 
posterior  i^ecti,  and  the  complexus  muscles  of  the  neck? 
Now,  when  a  motor  impulse  is  sent  out  by  means  of  the 
spinal  accessory  nerve,  the  effects  reach  those  muscles  first 
which  are  nearest  to  its  place  of  origin ;  hence,  the  muscles 
of  the  sub-occipital  region  are  caused  to  contract  before  the 
trapezius  or  the  sterno-mastoid  muscles,  and,  by  so  doing,  the 
head  is  drawn  backward  before  the  latter  muscles  act,  thus 
greatly  assisting  them  to  raise  the  thorax,  as  well  as  in  ren- 
dering the  head  a  fixed  point  during  the  inspiratory  act. 

1  "Rest  and  Pain,"  London,  1872. 
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CLINICAL  POIKTS  PBRTAIKING  TO  THE  SPINAL  ACCESSOBT  SUn. 

Like  all  motor  nerves,  the  spinal  accessory  may  exhibit 
the  condition  of  spasm  or  paralysis  in  the  parts  siippUMi  br 
it ;  if  sulijected  to  some  source  of  initation,  as  in  tile  firel  In- 
stance, or  to  some  lesion  which  destroys  its  power  of  cm- 
duction,  as  in  the  latter.  The  spasni  dependent  npon  irritt- 
tion  of  this  special  nerve  seems  to  be  confined  exclusively  to 
the  stemo-maatoid  and  trapezius  muscles.  They  may  be  ti&i- 
lateml  or  bilateral,  and  the  muscular  contractions  mny  he 
either  of  the  tonic  or  clonic  variety. 

Both  of  these  types  of  spasm  ai-e  met  with  in  connecticm 
with  i-etiex  irritation  originating  in  some  of  the  remote  vis- 
cera  ;  hence  they  are  not  infrequent  in  severe  types  of  hystwi- 
cal  affections.  They  may  also  be  produced  by  diseajws  affert- 
ing  the  upper  cervical  vertebrie.  by  certain  forced  movementi 
of  the  head,  by  exposure  to  cold  and  wet,  and  by  local  ilb- 
eases  of  the  bniin  and  spinal  curd.  \V'hen  we  consider  tbf 
intimate  connection  which  this  nen'e  has  with  (he  ^inal  conl, 
as  well  as  the  medulla  oblongata  and  bniin.  we  cau  bettrr 
appreciate  the  difficulty  which  often  arises  in  locating  ll» 
exact  seat  of  the  irritation  which  is  pro<lncing  these  fifia.<nn<idir 
movements.  There  are  reported  cases  to  prove  that  lumon 
of  the  brain  or  spinal  cord,  softening  of  either  of  ihtw  re- 
gions, meningeal  inHnmmation  of  the  brain  or  conl,  injuria 
to  the  skull  or  upper  cenical  vertebra",  and  caries,  perinstilis. 
and  tumors  of  the  npi)er  cervical  vertebrjc,  may  all  be  excit- 
ing causes  of  this  spasmodic  action, 

Tbriic  Spasm,  of  the  Sterno-mastofd  and  TVapeziu*  Mu*- 
eles. — AVhen  the  sterno-mastoid  musrle  is  the  seat  of  tonit 
spasm,  the  head  is  so  drawn  that  the  ear  approaches  the 
clavicle,  the  occiput  the  tip  of  the  shoulder,  and  the  rhin  fa 
so  rotated  that  it  points  toward  the  opposite  side.  Thiscim- 
dition  is  r>f  longer  or  shorter  duration,  and  often  shows  i 
markwl  tendency  to  become  a  permanent  contnictiire.  Dur 
ing  the  early  paroxysms,  the  patient  can  not  rectify  th*  dis- 
placement of  the  head  by  bis  own  voluntary  efforts,  and  pM- 
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sive  motion  is  strongly  resisted.  The  early  periods  of  the 
paroxysm  are  often  accompanied  by  sharp  pains.  When  the 
disease  has  become  chronic,  the  deformity  of  the  neck  is  as- 
sociated with  2i permanent  curvature  of  the  cermcal  vertebrcB 
and  a  corresponding  cui-ve  of  a  compensatory  character  in  the 
dorsal  and  lumbar  regions.  A  rare  case  of  bilateral  tonic 
8X)asm  of  the  stemo-mastoid  muscles  is  reported  by  Duchenne, 
in  which  the  chin  was  approximated  to  the  breast. 

The  trapezius  muscle  may  also  be  the  seat  of  tonic  spasm. 
In  this  case,  the  head  is  inclined  toward  the  affected  side, 
the  occiput  is  drawTi  toward  the  shoulder,  the  shoulder  itself 
is  raised,  and  the  scapula  is  drawn  inward.  The  chin  is  not 
rotated  toward  the  unaffected  side,  as  in  the  case  of  the 
stemo-mastoid  muscle.  All  attempts  to  bring  the  head  into 
its  proper  relation  to  the  trunk  create  a  rigidity  and  sensi- 
tiveness over  the  region  of  the  trapezius. 

Clonic  Spasm  of  the  Stemo-mastoid  and  Trapezius  Mus- 
cles.— Tliis  variety  of  spasm,  which  is  dependent  upon  the 
same  general  list  of  causes  as  the  tonic  form,  may  be  uni- 
lateral or  bilateral.  Either  of  the  muscles  supplied  by  the 
spinal  accessory  may  be  affected  alone,  or  the  stemo-mastoid 
and  trapezius  may  contract  alternately.  If  the  spasm  be  con- 
fined to  one  muscle  and  of  the  imilateral  type,  the  deflection 
of  the  head  will  be  the  same  as  in  the  tonic  spasm,  except 
that  the  duration  of  the  contraction  will  be  for  a  shorter 
period,  and  of  a  convulsive  variety ;  while,  if  the  two  muscles 
of  one  side  contract  alternately,  the  attitude  of  the  head  will 
be  constantly  changing  from  the  condition  due  to  contraction 
of  the  one  to  that  produced  by  the  other.  When  the  stemo- 
mastoid  muscles  of  both  sides  act  simultaneously  in  a  spas- 
modic contraction,  a  peculiar  ^'nodding  movement"  is  per- 
ceived. You  can  understand  how  all  forms  of  combina- 
tions can  be  made  between  the  two  muscles  of  either  side, 
and  a  proportionate  variety  of  spasmodic  attitudes  will  be 
the  result.  All  of  these  contractions  occur,  for  the  most 
part,  in  paroxysms^  often  lasting  for  a  day,  and  not  infre- 
quently coming  on  with  such  violence  and  frightful  vehe- 


mence  that  the  head  is  tossed  to  and  fro  with  great  foR«, 
making  the  life  of  the  patient  miserable.  In  some  insUmitw. 
the  spasm  is  almost  eontinuous.  Sleep,  however,  usuaUr 
brings  rest,  though  this  is  often  prevented  or  delayed. 

In  unilateral  clonic  spasm  of  the  aterno-mastoid  oiust-Iv, 
the  adjiicent  muscles  of  the  face,  jaw,  and  arm  are  ucca^uoual- 
ly  thrown  into  simultaneous  action.  The  soaleui  muscles  ok 
also  sometimes  brought  into  active  play,  aud  their  fomlile 
compression  of  the  brachial  plexus  of  nerve  and  the  veuw 
of  the  neck  ha-s  been  kno^vn  to  result  in  stiffuoss,  ojufs- 
thesia,  and  oedema  of  the  iirm,  after  such  an  attack  had  sab- 
sided. 

The  nodding  movement  produced  by  the  hilateraJ.  <ionie 
spasm,  of  the  stemo-mastoid  muscles  is  sometimt^  calltMl  llie 
"salaam  convulsion  of  Newnham."  It  is  rarely  seen  in 
adults,  but  in  children  it  is  not  infrequent.  Should  it  ocmr 
during  dentition,  the  spasm  may  be  associated  with  conttibiTe 
movements  of  tlie  facial  muscles,  witli  stmbismiis,  and  ifTcn 
with  general  convulsions  and  a  loss  of  conscinutine!t».  Bi- 
lateral spasm  of  tlie  muscles  supplied  by  the  spimU  ao^-esBory 
nen'e  has.been  known  to  terminate  in  epilepsy,  iiisanity,  ind 
paralysis ;  and,  when  the  various  causes  of  the  condition  aw 
reviewed,  this  will  appear  but  the  natural  sequence  of  the 
further  progress  of  some  of  the  diseases  mentioned.  Should 
reflex  irritation,  as  in  dentition,  worms,  hysteria,  etc.,  ezisl, 
or  the  spasm  be  dei>endent  upon  rheumatic  origin,  exposal* 
to  cold  or  dnmpness,  traumatism,  caries,  and  other  cunMc 
conditions,  the  results  will  l>e  arrested  when  the  ezdliBg 
cause  has  been  removed. 

Paralysis  of  Ihe  Sfemo-mastoi'd  and  Trapezius  Jft* 
vies. — Tliese  muscles  may  be  affected  with  a  total  atiMI 
of  their  nerve  power  by  lesions  of  tile  motor  columns  of  the 
sjjinal  conl,  resulting  in  progressive  muscular  atrophy;  by 
fracture  of  the  cervical  vertebra ;  diseases  of  the  rcrlchnP 
near  the  skull  and  also  of  the  cranial  Iwrnes ;  injuries  l«  the- 
nen'e,  such  as  cuts,  .'<tal)s,  gunshot  wounds  of  the  nerk ;  and 
compression  of  the  nerve  from  peripheral  causes,  as  in  the 
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case  of  tumors  of  the  neck,  swelling  of  the  lymphatic  glands 
of  the  neck,  abscesses,  neuromata,  etc. 

The  stemo-mastoid  or  the  trapezius  may  be  paralyzed  in- 
dependently of  the  other,  or  they  may  both  be  affected  si- 
multaneously, according  as  the  cause  affects  the  entire  nen^e  or 
only  some  individual  branch.  The  paralysis  may,  in  some 
instances,  be  bilateral,  provided  the  exciting  cause  be  central 
and  involve  the  parts  in  the  median  line,  or  so  extensive  as  to 
press  upon  the  trunks  of  both  spinal  accessory  nerves.  A 
case  of  bilateral  paralysis  following  progi'essive  muscular 
atrophy  of  the  muscles  of  the  neck  is  reported  by  Rosenthal, 
where  the  patient  was  obliged  to  support  the  head  by  a  collar 
made  of  pasteboard  ;  but  this  was  rather  the  consequence  of 
the  general  atrophy  of  the  muscles  than  the  effect  of  the  pa- 
ralysis of  the  two  muscles  supplied  by  the  spinal  accessory. 

In  unilateral  paralysis  of  the  sterno-mastoid  muscle,  the 
voluntary  rotation  of  the  head  toward  the  unaffected  side  is 
performed  with  difficulty  ;  the  chin  is  turned  toward  the  'af- 
fected side,  on  account  of  the  unopposed  action  of  the  healthy 
muscle  ;  the  chin  is  also  slightly  elevated,  and  the  paralyzed 
muscle  does  not  stand  out  wdth  equal  prominence,  with  its 
fellow,  when  the  chin  is  supported  l)y  the  hand  of  the  physi- 
cian, and  direction  is  given  to  the  patient  to  try  and  depress 
the  chin  toward  the  chest.  If  this  unilateral  paralysis  be 
long  continued,  the  contracture  of  the  healthy  muscles  pro- 
duces the  condition  of  ''  torticollis." 

When  a  bilateral  paralysis  of  the  sternO'Viastoid  muscles 
is  developed,  the  head  is  held  straight,  and  its  rotation,  es- 
pecially with  the  chin  elevated,  is  performed  with  extreme 
difficulty.  The  neck  appears  thin,  and  the  lateral  aspect  of 
that  region  is  markedly  flattened,  since  the  normal  prominence 
of  the  stemo-mastoid  muscle  is  wanting.  The  same  test,  as 
mentioned  above,  when  the  chin  is  supported  by  the  hand  of 
the  physician,  shows  a  gi'eat  loss  of  power  in  attempting  to 
flex  the  head  upon  the  chest. 

The  effects  of  unilateral  2>aralysis  of  the  trapezius  mus- 
cle are  most  marked  in  the  region  of  the  scapula.     This  bone 


appears  to  be  drawn  downward  and  forward  ;  its  infei 
lies  closer  to  the  vertebral  polumn  than  that  of  its  fell) 
ita  upper  part  is  more  widely  separated  from  the  v 
Tlie  clavicle  is  caused  to  stand  off  from  the  chest,  on  aceoavt 
of  the  acromion  being  di-awn  downward  and  forward  by  iIm 
weight  of  the  upper  extremity  and  the  pectoral  and  the  ler*. 
tor  angnli  srapula;  muscles ;  hence,  the  siipra-claricular  fom 
is  apparently  enlarged,  in  comparison  with  the  healthy  adv. 
It  is  to  be  remembered.,  however,  Ijy  yon  that  the  tnipetitu, 
unlike  many  others  in  the  body,  often  manifests  papalysiain 
porliotts  of  the  muscle  ;  so  that  the  symptoms  of  this  type  ff 
unilateral  paralysia  admit  of  many  modilirations,  m  accorrl- 
ance  with  the  extent  and  limits  tif  the  disease.  Thna,  Ihft 
position  of  the  scapula  will  vary  with  ihe  jianilyrfa  of  the 
upjier,  middle,  or  lower  fibers  of  the  nuisnle ;  the  power  "t 
elevation  of  the  arm  will  lie  greatly  impaired  if  tb*  up]>^ 
fibers  are  pai-alyzed  ;  while  the  ajiprnximation  of  the  scapult 
to  the  vertebnil  column  is  very  much  imijaired  wh«i  the 
middle  fibers  are  alone  involved. 

When  the  trapezel  lauscles  are  affected  with  bijatrn^ 
paralysis,  in  addition  to  the  symptoms  desrril»ed,  which  «tD 
now  be  perceived  upon  both  sides,  the  hack  will  appear 
broader  and  ntore  arcJied^  since  the  scapulas  are  lowered  aad 
drawn  outwai-d.  while  they  are  also  more  prominent.  Soai# 
difficulty  may  also  lie  ex]>erienced  in  maintaining  the  hiwl  ia 
an  upright  position,  since  it  naliiniUy  tends  to  sink  luwanl 
the  chest. 

THE   UYf'O-GI.OSSAL,   OR  TWELFTH  CRANIAL  SERVE, 

This  nerve  is  sometimes  called  ihe  subUniiaal  nrrrr^  thus 
using  a  Latin  rather  than  Greek  term  to  exprew  the  mm 
idea,  viz.,  that  the  nerve  passes  underneath  the  tongue.  Ii  is 
the  last  of  the  cranial  nerves,  and  is  intimately  assopiatwl  wilk 
all  those  movements  in  which  the  tongne  takes  an  impfiTtant 
part,  such  as  the  acts  of  talking,  singing,  mastication,  aod 
deglntition.     The  point  of  extenuil  origin  of  this  nerve  Is  a 


groove  betn-t-en  the  olinary  body  of  the  medulla  o))longata 
and  the  anterior  pyramid^  below  the  point  of  escape  of  the 
ninth,  tenth,  and  eleventh  ner\"es.  Its  deep  fibers  can  he 
traced  to  a  nucleus  in  the  floor  of  the  fourth  ventricle,  and 
it  is  probable  that  some  of  them  decussate  in  the  median  line 
of  the  floor  of  that  cavity,  thus  passing  to  the  opposite  side 
of  the  medulla.  The  nerve  escapes  from  the  cavity  of  the 
cranium  by  the  anterior  condyloid  foramen. 
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Fio.  102. — A  diagram  of  the  hypo-glossal  and  its  branches, 

I,  tmnk  of  hypo-glossal  nerve^  escaping  from  the  medulla  oblongata ;  2,  anterior  condyloid 
foramen ;  8,  filaments  of  communication  to  the  pntumoga^Hc  nerve ;  4,  filaments  of 
oommunication  to  the  supeiHor  cervical  ganglion  of  the  sympathetic  system  ;  5,  fila- 
ments of  communication  to  the  first  and  second  spinal  nerves  of  the  cervical  region ; 
6,  the  dcscendens  noni  nerve,  forminj;  a  loop  with  the  communi^ans  noni  nerve  (19) 
and  civing  ofT  muscular  branches  from  the  loop  ;  7,  muscular  filaments  to  the  thyro- 
hyoia  muscle ;  8,  muscular  filament  to  the  geniohyoid  muscle ;  9,  muscular  fila- 
ment to  the  genio-hyo-glossus  muscle  ;  10,  muscular  filament  to  the  hyo^lossus  muscle ; 
11,  muBcular  filament  to  the  styloglossus  muscle;  12,  the  occipital  artery^  around 
which  the  hypo-glossal  nerve  winds,  before  reaching  the  tongue ;  13,  a  branch  of  the 
eommunicans  noni  nerve,  derived  from  the  second  cervical  nerve ;  H,  a  branch  of 
the  cmnmunieans  noni  nerve,  derived  from  the  third  cervical  nerve  ;  1 5,  a  muscular 
branch  to  the  omohyoid  muscle  (anterior  belly);  16,  a  muscular  branch  to  the  sterno- 
hyoid muscle;  17,  a  muscular  branch  to  the  sterno-thyroid  muscle  ;  18,  a  muscular 
branch  to  the  omo-hyoid  (posterior  belly) ;  19,  the  eommunicans  noni  nerve,  joining 
the  de$eendens  noni  nerve  to  form  a  loop. 
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Its  first  bmnch  of  distribution  ia  named  the  flexcendfju 
noni  (the  descending  of  tlie  ninth  nerve),  so  failed  since  thia 
nerve  was  classed  by  W'illia  as  the  ninth.  This  branth 
passes  down  the  neck  to  supply  the  stflrno-hyoid,  sterno- 
thyroid, and  omo-hyoid  muscles,  and  then  joins  the 
Municans  noni  iierre  (a  branch  of  the  cervic-al  plexus),  lo 
form  a  loop,  from  which  terminal  filaments  are  (O^en  oft 
The  other  branches  of  the  nerve  are  distributed  to  the  thyto- 
hyoid  muscle  (which  usually  has  a  separate  filameDt  of  its 
own),  the  stylo-glossus,  the  hyo-glossus,  geuio-hyoid,  genio- 
hyo-glos8U9,  and  the  intrinsic  muscles  of  the  t-ongne.  It  wiU 
thns  be  seen  that  the  hypo-glossal  nerve  is  the  motor  nerve  of 
all  the  muscles  which  tend  to  depress  the  larynx  atid  tkt 
Ttyoid  bone,  after  they  have  been  raised  during  the  necood 
stage  of  the  act  of  deglutition  (the  muscles  of  the  infra-hyoM 
region),  also  to  one  of  the  supia-hyoid  region,  the  geniu-hy 
oid,  and  to  most  of  the  muscles  which  act  upon  the  tongoe. 

In  the  preceding  diagrammatic  figure,  tlie  branches  iif  lie 
hypo-glossal  nerve  are  shown,  and  the  general  coiinieof  the 
nerve  is  made  more  clear  than  can  be  done  by  a  Tcrhol  d^ 
scription. 


XCUE9  OF  THE  HTPO-flLOSSAL  XBBrE.' 

r  To  ibe  jumyiim  aflht  trVKk  (tf  lb*  pa- 

rntq^tric  Dcmt, 
■iiMr'm  of     '  "^^  '*'*  ""P"^'"  SHwai  fin^iim  rf  fc 
\         fjrmpathctic, 
I  To  the  loop  between  lU  irM  •*■  motI 

ccrTi(»1  nenrc*, 
I  To  tbo  ffuiialorif  nfite. 
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FUNCTIOXa   OF  THE   nVPO-OI-OSSAL   SEHVE. 

The  fact  that  the  hypo-glossal  ner\-e  arises  from  the  motor 
portion  of  the  spinal  cord  (when  taken  in  connection  withtl" 
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absence  of  any  ganglionic  enlargement  upon  the  trunk  of  the 
nerve)  would  seem  to  indicate  that  the  function  of  the  hypo- 
glossal is  essentially  motor ;  and  such  a  conclusion  is  sus- 
tained by  the  experiments  of  Longet,  who  found  the  nerve 
incapable  of  transmitting  any  sensory  impressions  when  the 
roots  were  subjected  to  initation. 

Mayo  and  Magendie,  however,  first  proved  that  the  nerve 
possessed  sensory  filaments,  after  it  had  escaped  from  the 
cavity  of  the  cranium,  which  results  have  since  been  confirmed 
by  most  of  the  later  physiologists.  We  can  easily  explain 
tMs  acquired  power  of  sensibility  which  the  nerve  exhibits, 
by  the  branches  of  communication  which  it  receives  from  the 
pneumogastric,  the  cervical  nen  es,  and  the  gustatory  branch 
of  the  fifth  nerve ;  so  that  there  is  little,  if  any,  reason  to 
doubt  that  the  original  fibers  of  the  nerve  itself  are  purely 
motor  in  function. 

In  connection  with  the  glosso-pharyngeal  nerve,  I  entered 
into  a  somewhat  extended  discussion  of  the  mechanism  of  the 
act  of  deglutition ;  *  and  the  same  subject  might,  with  equal 
propriety,  be  again  repeated  in  connection  with  the  hypoglos- 
sal nerve,  since  both  are  intimately  associated  with  those 
complex  movements.  It  will  suffice,  however,  to  again  call 
attention  to  the  fact,  that  movements  of  the  tongue  were  of 
the  greatest  importance  in  swallowing,  since  that  organ  not 
only  conveyed  the  bolus  to  the  back  portion  of  the  mouth, 
and,  when  liquids  were  to  be  swallowed,  helped  to  form  a 
tube  through  which  a  suction  force  could  be  exerted,  but  also 
assisted  in  the  prevention  of  food  from  entering  the  cavity  of 
the  larynx. 

CLINICAL  POINTS  PERTAINING  TO  THE  HYPO-GLOSSAL  NERVE. 

When  this  nerve  is  divided  in  animals,  the  sense  of  taste 
remains  and  the  tongue  retains  its  normal  sensitiveness ;  but 
the  power  of  movement  is  utterly  destroyed  if  the  nerves  of 
both  sides  are  simultaneously  cut.  As  a  natural  consequence, 
the  first  stage  of  the  act  of  deglutition  is  materially  embar- 

20  '  See  page  226  of  this  rolume. 
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rassed,  and  the  second  stage  is  liable  U*  be  associated  with  the 
entrance  of  duid,  if  swallowed,  into  the  cavity  of  the  laryiis. 
When,  in  the  human  subject,  this  nerve  is  impaired,  either 
aa  a  special  type  of  paralysis  or  diuiag  an  attack  of  heni- 
ple^a,  the  power  of  protrusion  of  the  tongue  from  the  mooih 
in  a  straight  line  is  lost,  and  that  memi>er  becomes  de- 
flected toward  the  side  which  is  paralyzed,  since  the  genio- 
hyo-glossus  muscle  is  unopposed.  A  disease  of  rather  mw 
occurrence,  in  which  the  hyjKi-glossal  nerves  of  both  siden  are 
paralyzed,  and,  in  addition,  the  orbicular  muscle  of  Ihe  moolh, 
and,  not  infreqaently,  the  intrinsic  muscles  of  the  larj'iix.  U 
dracribed  by  Dnohenne ; '  and,  since  his  article,  it  hiw  bwn 


(.Ulet  IIuumuiuL ) 


written  upon  by  most  of  the  later  authors  under  the  naam 
of  glo3so-labio-laryngeal  paralysis,  glossoplepa,  etc.  In  thii 
type  of  disease  the  t^)ngne  lies  motionless  and  trembling  in  ibe 
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loor  of  the  raoutli,  if  all  power  of  motion  be  paralyzed  ;  but, 
paresis  only  exist,  it  can  be  imperfectly  protraded  with 
flifficulty,  and  is  tremblingly  and  slowly  retracted.  If  one 
Mde  be  affected,  the  soimd  side  becomes  full  and  promi- 
neut,  in  comparison  with  the  affected  side,  when  called  into 
tction.  The  peculiar  trembling  character  of  the  move- 
inent  of  the  tongue  in  bilateral  paresis  is  observed  in  every 
notion  which  the  patient  attempts  to  perform  with  that  or- 
,  and  all  the  motions  are  slowly  and  imperfectly  accom- 
plished. 

The  moat  important  effects  of  the  paralytic  state  of  the 
nuscles  are  shown  in  attempts  at  mastication  and  speech. 
tie  food  is  no  longer  properly  placed  between  the  t«eth ;  is 
with  great  difficulty  carried  to  the  back  part  of  the  month ; 
and  frequently  regurgitates  into  the  mouth,  when  attempts 
3  made  to  swallow.  The  saliva  is  secreted  in  lar:ge  quanti- 
and  is  swallowed  with  extreme  difficulty,  so  that  the 
etient  is  constantly  obliged  to  expectorate. 


™v>.     (Af.er  rtnim 


.n,l,) 


The  disturbances  of  speech  may  present  themselves  with 

ying  degrees  of  intensity.    In  those  cases  wliere  the  tongue 

I  affected  upon  one  side  only  (and  a  state  of  paresis  exists, 

ather  than  that  of  complete  paralysis  of  motion),  only  those 

ounds  which  require  the  aid  of  the  tongue  to  be  pronounced 
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are  indistinctly  and  incompletely  articulated.  These  letters 
are  s,  sch,  I,  e,  i,  and,  at  a  later  peiiod,  i;  g,  r,  etc. 

When  the  paralysis  is  bilateral,  and  the  tongae  has  nnder- 
gone  atrophy,  the  speech  liecomes  exceedingly  indl^inct, 
muttering  and  inarticulate,  so  that  the  patient  ran  Iiardlj^ 
express  himself  in  sounds  that  can  be  understood  by  thow  in 
constant  communication  with  him.  The  act  (^  si)igintf  b 
always  affected  in  even  the  mild  forma  of  lingual  jianilyris. 
and  the  falsetto  notes  are  particularly  affected,  stnce  tV 
tongue  plays  an  important  part  in  so  directing  the  soond  » 
to  give  it  its  proper  timbre. 

Tlie  effects  of  lingual  paralysis  must  not  be  cnnfounded 
with  spasm  of  the  lingual  muscles  (the  act  of  atntteringi,  «. 
on  the  other  hand,  with  dumbness  and  aphonia. 

In  some  cases  of  Duchenne's  disease,  the  lips  are  not  ftt- 
fected ;  while,  in  others,  the  lai>Tigeal  and  pharj-ngwU  mns- 
cles  are  not  impaired  to  a  sufficient  degree  to  cause  anj 
serious  impediment  to  their  noitnal  functions.  We  can 
the  better  understand  why  all  possible  viirieiies  and  degiws 
of  paralysis  may  exist  in  this  disease  when  we  ronsider  ihal, 
in  order  to  account  for  all  the  symptoms  present  in  a  fallr 
developed  case,  the  facial,  spinal  accessory,  piteumoga*(rir, 
and  hypo-glossal  nerves  must  be  simultaneously  diseased. 
or  subjected  to  extreme  pressiu-e.  Should  the  facial  nerr<* 
escajie,  the  lips  and  face  "will  preserve  their  normal  piiircf ; 
if  the  spinal  accessory  nerve  be  unimpaired,  the  larynx  nay 
escape,  pi-ovided  that  the  jmeumogastric  nerve  remain  inlart 
below  the  point  of  communication  between  these  two  nt-rres; 
if  the  hypo-glussal  nerve  be  normal,  the  symptoms  referaWe 
to  the  tongue  would  not  he  detected.  The  essential  lesion  o( 
this  disease  seems  to  consist  of  a  degeneration  of  the  mednlb 
oblongata  and  the  upper  portion  of  the  spinal  eord ;  benfc 
the  nuclei  of  origin  of  the  facial,  spinal  aecessory,  pneano- 
gaatj-ic,  and  hj-po-glossal  nerves  are  liable  t"  lie  involved  lo  k 
greater  or  less  extent  simultaneously.  Whether  the  view  of 
Leyden,  that  the  conditiun  is  one  of  myelitis,  will  lie  sus- 
tained, is  still  uncertain,   but  that  the  cx)ndition  closely  r«- 
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sembles  that  which  creates  the  spinal  paralysis  of  the  infant 
and  adult  seems  positive. 

The  previous  existence  of  the  early  manifestations  of  syph- 
ilis and  the  probable  activity  of  the  disease  in  the  system 
may  account  for  the  lesion  in  some  cases,  while  in  others  the 
rheumatic  diathesis,  mental  anxiety,  and  excessive  mental 
application,'  seem  to  have  acted  as  exciting  causes. 

The  general  paralysis  of  the  insane  often  first  manifests 
itself  in  a  peculiar  weakness  of  the  tongue  and  lips. 

The  tremor  of  paralytic  dementia  probably  first  makes  its 
apx)earance  in  the  facial  and  lingual  muscles.  It  consists  in 
non-rhythmical  contractions  of  small  muscles  or  of  fasciculi  of 
muscles,  which  are  either  present  in  the  quiescent  state  of  the 
features,  or  are  excited  by  emotion  or  by  the  i)erformance 
of  a  voluntary  movement,  as  showing  the  tongue  or  teeth. 
Sometimes  innumerable  fine,  fibrillary  tremors  cover  the  face, 
while,  in  some  cases,  the  movements  are  coarser,  and  irregular 
enough  to  merit  the  term  choreic.  The  tongue  exhibits  both 
sets  of  tremors — the  very  fine  fibrillary  ones  and  the  large 
choreic  oscillations.  There  is,  also,  though  usually  at  a  later 
stage,  some  shriveling  or  atrophy  of  the  tongue.  I  quote 
from  a  late  article  of  Professor  E.  C.  Seguin,*  as  follows : 

"The  hands  are  tremulous,  usually  in  a  fine,  semi-rhyth- 
mical way.  This  trembling  is  sometimes  scarcely  visible, 
but  is  perceptible  as  a  delicate  parchment-like  fremitus  on 
holding  up  the  patient's  extended  fingers  between  ours.  In 
the  lower  extremities  the  tremulousness  is  not  apparent. 

"The  speech  is  affected  as  a  result  of  this  tremor,  and  as 
the  result  of  a  certain  want  of  coordination  in  the  muscles  of 
articulation.  Words  are  quickly  spoken,  with  some  syllables 
omitted  or  blurred,  or  with  a  terminal  syllable  left  off.  The 
articulate  sounds  which  are  produced  are  heard  as  vibratory 
or  tremulous,  and  the  speech  seems  thick.  Patients  semi-un- 
consciously  avoid  long  or  difficult  words  in  conversation,  and 

'  Sudi  cases  as  these  arc  reported  in  the  admirable  description  of  this  complicated 
affeedoo  bj  mj  colleague  and  friend  Professor  W.  A.  Hammond :  *'  Treatise  on  the 
IMaeafes  of  the  Nerrous  System."    New  York:  D.  Appleton  &  Co.,  1876. 

*««Med.  Record,"  1881. 


PlO  lOS  — A  diaommoft/u  motor  pm  nit  of  tht  fare,  Aaiciaii  tin  pati/wn  of  tltf  A 
AiTHiff  tlBilniatioi*  «/  tptaal  mureta  and  ntrva.  Ilie  cnodt  it  lupptnJ  M  ti 
in  Iht  ntaiMd  foua,  ana  Ou  ail/totU  iipiH  iht  part  indifolfd  in  tiu  Jiajfrmiii. 

1,  la,  orbicularis  pftlpvbrarutn ;  2,  tn,  pjr&midalls  nasi :  3,  m.  le*.  lab.  vop.  «t  qmI 
IcT.  lab.  sup.  pTopr. ;  &,  fi,  m.  dilator  narie ;  T,  m.  (irgoroatic  major :  8,  m. 
orisi  0,  D.  branch  for  IcTiior  mcuU ;  10,  m.  levator  nienli ;  II,  m,  qiuutntn* 
18,  m.  Iriangalaris  menti ;  IS.  nerve»— i>abciit*DeoiiB  of  neck ;  14,  m.  at^mo 
le.  m.  omo-bjoid ;  16,  m,  Btcmo-lhyroid :  17,  n.  branoh  for  platjrama;  18,  ■. 
hjoid ;  10,  m.  onu>-h;aid ;  30,  21,  nerves  to  pootoral  miu(<lca;  tS, 
frontalis  (am.  bellj);  SS,  m.  ocdpito-fronuUs  (post.  b«ll;r);  U,  m. 
attolleuH  aiirem;  85.  ncrrc — fadal;  2>1,  nL  sljlo-hjoid;  ST,  m.  dlf, 
apleuius  eaplito;  SA,  nerro — eil«niiU  bmncb  at  epinal  acecaaory ;  >a,m. 
nuutoiil;  SI,  m,  atenio-masUMd  ;  32,  m.  levator  anguli  scapulvi  33,  n«r*» — bknait; 
84,  oerrc — poitcrlor  tboradc ;  3  5,  m.  icrratiu  magnuB ;  8S.  nornN  o(  Ua  aift 
larj  space. 

even  seek  roundabout  ways  of  expressing  their  meaning  by 
shorter    wunla.      Besides    this    vibratory    tremolousDew  is 
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articulation,  there  is  an  inii)erfection  in  the  pronunciation 
of  words — ^long  words  especially.  Remedy  is  pronounced 
^remdy';  constitution,  ^  constution ' ;  infallibility,  4nfallaby.' 
The  last  syllable  may  be  badly  sounded,  or  even  omitted.  I 
have  known  this  characteristic  speech  to  be  the  only  well- 
marked  symptom,  and  to  be  followed  by  dementia,  exaltation, 
etc.  Occasionally,  a  patient  comes  to  us  complaining  of  this 
defective  articulation.'' 

Interference  with  the  free  action  of  the  hypo-glossal  nerve, 
when  not  associated  with  a  simultaneous  affection  of  other 
nerves,  may  result  in  the  production  of  spasm  or  paralysis. 

Spasm  qf  the  tongue  may  be  perceived  in  connection  with 
the  spasmodic  diseases,  such  as  chorea,  epilepsy,  and  hys- 
teria ;  also,  as  a  result  of  slight  compression  or  irritation  of 
the  hyx)oglossal  nerve  from  meningeal  exudation;  while  a 
fihrHlary  tremor  of  the  tongue  is  observed  in  progressive 
muscular  atrophy.  In  severe  types  of  facial  spasm,  and  in 
those  forms  of  disease  where  the  lingual  nerve  is  the  seat  of 
a  neuralgic  affection,  the  hypo-glossal  nerve  may  create  a 
type  of  clonic  spasm. 

Paralysis  of  the  tongue  is  usually  unilateral,  and  may 
be  the  result  of  cerebral  haemorrhage,  softening,  embolism, 
tumors,  or  the  progressive  paralysis  of  the  insane.  In  rare 
cases,  this  condition  has  occurred  from  injury  done  to  the 
nerve  from  the  removal  of  a  tumor  of  the  tongue  itself ;  while 
instances  have  been  reported  where  the  nerve  was  impaired 
by  pressure  upon  its  trunk,  either  at  the  base  of  the  brain,  or 
at  it«  point  of  escai)e  from  the  anterior  condyloid  foramen. 


THE  SPINAL  CORD. 

ITS  ANATOMICAL  CONSTRUCTION,   FUNCTIONS,    AND 

CLINICAL  BEARINGS. 


THE   SPINAL   COED. 


In  the  previous  lectures  of  this  winter's  course,  we  have 
considered  the  anatomy  of  the  brain,  and  the  nerves  which 
arise  from  it.  We  have  noted  the  genei-al  points  in  the 
construction  of  each,  and  discussed  the  clinical  bearings 
of  the  individual  parts  which  have  successively  demanded 
our  attention.  It  now  remains  for  us  to  begin  the  study 
of  the  other  great  half  of  our  nervous  organism,  viz.,  the 
spinal  cord,  and  the  nerves  which  are  connected  with  it.  I 
shall  follow  the  same  general  plan,  in  treating  of  the  spinal 
cord  and  its  nerves,  as  I  have  pursued  in  the  early  part  of 
the  course,  viz.,  to  give  such  points  only  in  the  descriptive 
portion  as  shaU  conduce  to  a  full  comprehension  of  the 
clinical  bearings  of  the  regions  under  discussion,  and  to  im- 
press upon  you  constantly  such  suggestions  of  practical  value 
as  the  theme  recalls  to  my  mind.  Should  the  anatomical  de- 
scription of  the  separate  parts  seem,  at  any  time,  incomplete, 
I  trust  to  omit  nothing  that  can  not  be  easily  supplied  from 
the  best  text-books  upon  anatomy ;  but  I  shall  fall  short  of 
my  proposed  task  if  I  fail  to  incorporate  such  points  as  shall 
assist  you  in  comprehending  many  of  the  new  terms  found 
scattered  throughout  the  more  advanced  treatises  upon  the 
anatomy  and  diseases  of  the  nervous  system. 

The  spinal  cord  comprises  that  part  of  our  central  nervous 
system  which  is  contained  within  the  canal  of  the  vertebral 
column.     It  may  be  said  to  begin  at  the  point  where  the 
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fibers  of  the  anterior  pyramids  of  the  mednalla  oblongata  1»- 
gin  to  decussate  (which  point  corresponds  to  the  upper  border 
of  the  atlas),  and  it  terminates  at  the  lower  border  of  the 
first  lumbar  vertebra.  It  may  then  be  stated  that  the  entire 
length  of  the  spinal  cord  varies  from  fifteen  to  eighteen 
inches  (since  it  depends  somewhat  upon  the  height  of  the  in- 


Fio.  IM.— OmMo/   jmr-  Fin.    107  —Dcnal   por-         Fia.  lOft — Atftriv  /m- 

Htm  of  Iht  tpinal  eord.  Hun   of  the  tfKiMl  card.  Hon  of  At  mimtl  mi4, 

(Hireobleld.)  (HirwJifeld.)  tmd     oaarit      imifM. 

(Hli«d(f«U.) 

I,  >ntcro4nri.Tior  wst]  of  the  foarth  Tpntricle ;  3,  luperior  peduncle  of  tlw  ocnMta. 

H,  miiMIe  peduncluof  ihe  cerebelluia ;  4,  inferior  peduncle  of  ihe  wnlitlliiM  ;  ^l*- 

(crior  portion   of  tbc  posterior  niediia  columns  of  the  coH  ;  6,  ploao-phMTB^ 

nerve ;  T,  pneuEoognMric ;  9,  RpinaJ  acuessory  nerre :   0,  0.  9.  V,  ikiiWItJ  li|MM : 

10,10,  lO.  in,  polerior  nati  of  ihe iipinal  nrrBa  ;   11,  II.  II,  II,  piKiBwr  1*^ 

groot;  II,  l-i,  la,  \% ganglia  of  th* potlrnor  rooti  <tf  Ihe  mervm  ;  IS,  It^m^hf 

roota  n/  Iht    nrrva  :    14,  divinon   of  tht   turnrt   into  Mo   AtoimA*)  ,-  If^  loav  •*' 

Iremil]'  of  the   oord ;  16,  16,  coccjireat  ligwnent;  17,  17,  nuila  Mjolna-.  I— TBL 

eerviMi  nm-a  ;  I.  II,  111.  IV— Xtl.  (Wu/  nenm  ;  l.U—\\fnmtttr  mmymi  l-T, 

dividnal).  and  that  it  does  not  extend  throughout  theenliff 
length  of  the  spinal  canal.     Its  upper  end  is  ooatinnoos  «id> 


GEBVICAL  AND  lUMRAR  ENLARGEMENTS. 


289 


iie  lower  part  of  the  medulla  oblongata  (which,  in  my  opin- 
on,  seems  more  properly  a  part  of  tlie  coi-d  than  of  the  brain), 
Brbile  its  lower  end  terminates  in  a  slender  filament,  called  the 
'filiim  terminale,"  which  descends  for  a  short  distance  into 
he  central  ligament. 


TUE   GENERAL    CONSTRlICnON    OF    THE    CORD. 

The  spinal  cord  is  not  of  the  same  size  or  genei-al  shai)e  in 
rail  portions  of  its  length,  since  it  tapera  gradually  toward  its 
MOwer  extremity,  with  the  exception  of  presenting  two  local 
"enlargements,  caUed  the  " cervica-l^^  and  ^'lumbar"  enlarge- 
ments.'   Hie  fornier  of  these  extends  fioni  tlie  third  cervical 
to  the  first  dtjrsal  vertebra,  and  is  widest  from  side  to  side ; 


Sm.  I0».—  7Vn„.iv,-.f  tcclioH  of  th^  ,,,inat  ro,;l  „!  Mr  oriffm  of  l/,ef/tJ,  pair  >  o/  eo-rin,/ 
n«rt«i.     (Stilling.) 

In  Oil!  fii^re,  the  white  anbitimce  of  the  cord  U  repreeented  in  blncic,  w  »how  more 
dearlj  tho  Hmlis  of  ihe  graj  matler:  1,  1,  anWro-lnteral  coliiinnB;  2,  B,  (HXitcrior 
vhite  cotuoinB:  3,  anterior  ncdiim  Sssuri>;  4.  posterior  raedian  fi!s«iire ;  n.  wUio 
ccHDnumrG;  8,  graj  commissure;  7,  central  canal;  8,  »,  anterior  coraua  of  gray 
DUUUri  )n,  10,  group  of  Urge  multipolar  cells ;  II,  I],  ll,anli^rior  roots  of  the 
spiniil   Di'rvcs ;  IS,  posterior   comua  of  grav  mattGr;    13,  posterior  roots  of  the 


■while  the  latter  extends  from  the  lower  part  of  the  eleventh 
^orsal  to  the  lower  border  of  the  twelfth  dorsal  vertebra,  and 

'  Theflc  eii]argeBiCDt«  i-orrcapoud  to  the  points  of  origin  of  the  main  nen-es  of  ibe 
«  uul  lover  oitremiticH, 

e  ilefligoated  by  Gublcr.    Bve  pi 
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is  widest  from  before  backward.  Wlien  viewed  exteiiorlr, 
the  cord  presents  fipe  fissures  and/'o7/r  columns,  which  aw 
less  distinct  than  the  convolutions  of  the  cerebrum  ;  and,  m 
section  made  transversely  across  its  substance,  two  general 
subdivisions  can  be  made  out  by  the  naked  eye,  the  irAi/«and 
the  gra;/  portions.  When  we  come  to  discuss  the  clinJni 
points  pertaining  to  spinal  localization,  in  case  of  disease,  you 
will  then  realize  that  the  further  subdivisions  of  the  fipinil 
coitl,  which  I  shall  impress  upon  your  memories,  are  But 
based  alone  upon  the  results  of  enthusiastic  microscopy,, 
but  are  the  grand  evidences  of  a  progress  in  tliia  diivctiaa 
which  the  earlier  anatomists  had  not  dreamed  of.  and  which 
are  the  foundation,  I  sincerely  believe,  of  accurate  and  posi- 
tive diagnosis  of  spinal  lesions  at  no  distant  date. 

The  geneml  exterior  of  the  si)inal  cord  is  incompletdr 
divided  into  two  symmetrical  lateral  halves^  by  the  so-caUed 
''ant«ro-median  fissure"  and  the  " posiero-median  fissun-." 
which  do  not  cut  the  cord  entirely  in  half,  since  a  tiaEisverw 
commissure  exists,  called  the  "commissure  of  the  tpittal 
cord.''  Now,  this  iwint  is  worthy  of  your  careful  aOenti<«, 
since  it  indicates  a  clinical  fact,  viz.,  that  lesions  of  one  bicnl 
half  of  the  coi-d  produce  symptoms  in  a  lateral  half  of  the 
body. 

Mtch  lateral  Jinlf  oi  the  cord  hsisthreefisauTesatWaotn: 
the  "antero-latenil  fissure,"  which  corresponds  to  the  pcibu 
of  escape  of  the  anterior  roots  of  the  spinal  nerves  ;  the  "pw- 
tero-iateral  fissure,"  which  corresponds  (o  ihe  puintH  of  at- 
tachment of  the  posterior  roots  of  the  spinal  nen'es ;  and  liif 
" p08ten>-intermediary  fissure,"'  which  is  situated  <m  tlw 
outer  side  of  tlie  poatero-median  fissure,  which  helps  to  di- 
vide the  «ord  into  its  (wo  lateral  halves.  The  first  iwo  ol 
these  are  mere  traces  upon  the  surface  of  the  cord,  vhilo  thf 
last  is  most  apparent  in  the  cenical  region. 

As  demai-cated  by  the  fissures  nametl  above,  the  spioil 
coitl  presents  four  subdivisions  of  its  exterior  surface,  caDrJ 
respectively  the    "anterior."    "lateral,"    "posterior."   ■n^ 

'  Pv»i.Tibi.iI  bj  Sipppj,  Hirschfcld,  and  otbn*. 


"spinal  nerves,"  in  contradistinction  to  those  of 
origin,  which  we  have  already  considered.  Each  spinal  nerve 
arises  by  two  roots,  which  spring  i'esi)ectively  from  twi>  ol  llie 
fissures  of  the  lateral  halves  of  the  cord,  as  has  been  mt-n- 
tioned  ;  but  these  two  roots  soon  join  with  each  other  to  fonn 
tlie  nerve,  before  it  escapes  from  the  spinal  canal,  to  be  dis- 
tributed to  the  regions  which  it  is  destined  to  supply. 


THE   UBUBBANES   OF  THE   SPINAL  CORD. 


As  was  the  case  with  the  encephalon,  the  spinal 
vested  from  within  outwai-d  by  a  membrane  of  nrttrUton, 
pia  mater  ;  a  membrane  of  luhrication,  the  arachnoid  ;  and. 
finally,  a  msmhrane  of  protection,  the  dura  mater.  These 
three  coverings  differ  in  some  respects  fi-om  those  corerili; 
the  brain,  but  the  differences  have  little  if  anjthing  lo  do 
with  the  clinical  asjjects  of  the  spinal  cord,  and  they  can  be 
ascertained,  if  you  desire  t^>  know  them,  by  reference  lo  any 
tex^book  on  descriptive  anatomy. 

THE   CEItEBItO-.SPISAL    FLCID. 

As  mentioned  in  connection  with  the  ventricular  cavilicR 
of  the  brain,  the  spinal  cord  is  immei-sed.  as  it  were,  la  a 
fluid,  the  ^- caebro-spiiutl  fnid"  which  has  free  entrance  to 
and  egress  from  the  ventricles  of  the  encephalon,  since  Its 
function  is  to  regulate  and  equalize  the  pressure '  npon  the 
nerve  centers,  when  the  blood  supply  suffers  variatioos,  ii 
it  does  during  respiration,  in  sleep,  and  in  certain  dlsewei 
conditions.  This  accounts  for  tlie  fact  that  pressure  nidr 
upon  a  ''spina  bifida"— a  tumor  containing  this  flaid  p»- 
truding  through  an  opening  due  to  a  congenital  abseooe  of 
the  spinous  processes  of  the  vertebne — often  creates  Inil 
symptoms,  if  sufficient  to  create  excessive  intra-Tentrimihr 
pressure. 

Tlie  greater  jmrl  of  this  tluid  is  contained  in  what  is  fcoon 
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as  the  snb-aracJinoidean  space^  which  is  situated  outside  of 
the  cavity  of  the  arachnoid,  between  its  inner  layer  and  the 
pia  mater  of  the  cord.  Its  quantity  was  estimated  by  Ma- 
gendie  as  about  two  fluidounces  in  the  human  subject ;  but 
a  somewhat  larger  amount  can  be  obtained  by  making  an 
oi)ening  in  the  lumbar  region  and  a  counter-opening  in  the 
region  of  the  head,  so  as  to  allow  of  the  influence  of  atmos- 
pheric pressure  in  forcing  its  escape  outward.* 

This  fluid  may  be  drawn  out  of  the  spinal  canal  of  a  living 
animal,  either  by  means  of  a  simple  trocar  or  a  trocar  at- 
tached to  a  suction  tube.  In  the  former  method,  no  apparent 
influence  of  a  detrimental  character  seems  to  follow  a  mod- 
erate escape ;  but,  when  a  suction  force  is  used  to  still  fur- 
ther draw  off  the  fluid,  the  animal  becomes  enfeebled  and 
subsequently  affected  with  symptoms  of  motor  paralysis. 
The  cerebro-spinal  fluid  is  rapidly  reproduced  after  its  with- 
drawal, and  is  probably  secreted  by  the  pia  mater.  The 
fact  that  an  increase  of  the  intra-cerebral  pressure  will  result 
in  coma,  if  sufficiently  intensified,  is  shown,  in  a  clinical  way, 
upon  the  human  subject,  by  compression  of  a  spina  bifida ; 
and  the  same  result  was  proved  by  Magendie,  who  injected 
water  into  the  sub-arachnoidean  spa(^e  of  animals,  and  thus 
artificially  induced  a  state  of  profound  coma.  Tlie  point  of 
communication  between  the  sub-arachnoidean  space  of  the 
spinal  canal  and  the  ventricular  cavities  of  the  bniin  is  situ- 
ated in  the  fourth  tentricle  ;  hence,  the  fluid  has  to  pass  up- 
ward, through  the  aqueduct  of  Sylvius,  to  reach  the  third 
ventricle,  and  through  the  foramina  of  Monro,  to  enter  the 
two  lateral  ventricles  of  the  cerebrum.  Hilton  *  claims  that 
the  basilar  process  of  the  occipital  bone,  which  is  the  seat  of 
some  of  the  more  important  parts  of  the  encephalon,  is  not  in 
actual  contact  with  the  adjacent  brain,  but  has  a  layer  of  the 
cerebro-spinal  fluid  interposed  as  a  water-bed  to  protect  the 
parts  from  injury  from  any  form  of  concussion,  and  a  similar 
condition  probably  exists  in  other  parta 

*  A.  Flint,  Jr.,  op.  cit.  *  Op.  cit. 
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APPEARANCE   OF   A   TKAS9VER3E   SECTION    OP  THE  SPINAL  COBft 

The  arrangement  of  the  gray  and  white  substance  «t  the 
spinal  cord  ia  seen  only  on  a  transverse  section.  In  order  to 
properly  appreciate  the  special  points  in  the  construction  of 
these  two  portions,  several  transverse  sections  must  !«  maiir 
at  different  heights  in  the  coi-d,  since  the  relative  pro]wrtit>n 
of  the  gray  and  while  substance  differs  in  the  cervical,  dnnsil, 
and  lumbar  regions.  The  regions  usually  selectM  for  tbw 
transverse  sections  ai'e  the  upper  cervical  portion,  the  (vbUt 
of  the  cervical  enlargement,  the  center  of  the  dorsal  n^fflon, 
the  lumbar  enlargement,  and  the  terminal  portion  of  Ibc 
cord.  In  the  cervical  region,  the  white  substance  is  the 
most  abundant ;  in  the  dorsal  region,  the  gray  ni&tler  » 
relatively  smaller  tlian  at  any  other  point ;  while,  in  tlx' 
lumbar  enlargement,  the  gray  matter  is  the  most  extensirelr 
developed. 

When  we  view  the  appearance  of  any  portion  of  the  siwnal 
cord  on  transverse  section,  we  will  pereeive  thai  the  fcn.f 
matter  is  arranged  in  the  same  general  way  in  all  of  itsdifffr 
ent  regions.  This  has  been  compared  to  the  capital  Mttr 
"H,"  since  its  two  lat«r.il  halves  are  connected  ti^-ihif  |ij 
a  transver.se  band.  •'  the  transverse  commissure  of  ibn  gnj 
flubstance."  Each  lateral  half  of  the  gray  subsUnre  i* 
crescenth  in  form,  thus  presenting  an  anterior  ami  a  p»- 
terior  projection,  termed  the  anterior  and  posterior  kornt! 

■  Tht  anierior  horns,  or  comiia,  nro  studded  viih  Tirgc  claracicrUtir  rrfU,  wUA  ■* 
iinipnltr  or  mullipoUr.  Certain  of  tb««e  celts  arc  {MaaMiml  of  a  pnuliar  fnam,  ^M 
dllTers  from  i[«  coinpanians  in  not  branching,  and  in  incmuing  in  aim  a»  It  jatmt  Mif 
from  tbc!  Imdyol  tli«ccl1.  This  is  known  u  thc"iixia  oylindcr  ymterr-s" asA  iibdM^ 
that  it  become*  c1othc<l  with  mycline  nnd  UdircdlTconlinuouR  iiitii  ibo  ail*c7lBlr(i'> 
motor  nertr.  We  owe  the  discoTcrj  oC  this  procpga  in  ihc  liimiaa  hrlnp  lo  Ikiun  i'r» 
tenuehun^eit  iiber  Grhiro  u.  Ruckcmiurk,"  ISOSJ,  who  wsertnl  that  ltwM4faB<«W 
found  appended  to  alt  nnin]  nerve  evilt;  although,  in  ISII.  R.Wftgu«r  ('UaDtHmi- 
Ixich  ")  hid  oburved  a  simitar  prolongation,  lomctimcs  t<ro,  in  the  emtnl  tirtnmt  b^ 
of  Ibo  Mrpnlu,  and  Bcnuk  ("Dcntscho  Kliaik,"  ISH,  N'ni.  ST)  bad.  In  ISM,  JmoI^ 
the  Mine  pccullariiy  of  stnicture  in  the  anltrior  horn  mIIb  at  thI^  «|iIimI  ewd  la  tka  «■ 
I)»i(en  hnx  iK-rn  conRmicd  bj  a  number  of  obscrrcrs,  anwtig  otticr*  tijr  Uu  !tdM>K 
Jotif,  Oerlach,  Arnotd,  EiilUker,  Amilt,  KoH'ticnnikotT  (•«  llmtf,  ".VerrenMu^'  IfSi 
g  it).  These  mIIii  are  distributed  in  grtxips.  which  are  dilTercntlr  •JluatH  h  Wn* 
radons.    (L.  C.  Qraj,  "  Annals  of  Anat.  and  i=urg.  Soc,,"  Oct.,  IMSO.) 
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the  former  of  which  is  broad  and  blnnted,  and  does  not 
reach  the  surface  of  the  oord,  while  the  latter  is  thinner 
and  more  pointed,  and  approaches  the  exterior  surface  near 
the  point  of  attachment  of  the  posterior  roots  of  the  spinal 
nen-es. 

The  white  substance  consists  of  the  following  component 
structures :  1,  ner\-e  fibers ;  2,  blood-vessels ;  and  3,  connec- 
tive-tiasne  elements.  The  gray  matter,  called  also  the  "  vesic- 
ular nenrine,"  consists,  1,  of  nerve  cells  of  variable  shapes  and 
sizes ;  2,  nerve  fibers  ;  3,  blood-vessels ;  and  4,  connective-tis- 
sue elements.  In  the  white  substance,  the  nerve  fibers  are 
Tariable  in  point  of  size,  and  have  a  medullary  sheath,  but  no 
investing  membrane.  In  the  gray  matter  the  nerve  fibers  are 
small,  and,  in  the  posterior  boms,  form  plexuses.  The  nerve 
cells  are  large  and  multipolar  in  the  anterior  horns,  and 
smaller  in  the  posterior  boms. 


Fib.  111. — Strlion  of  tht  rordbflov  iht  Fm.  112.— 5irfion  of  r/ie  eeiviml  mlai'ffe- 

nuduUa  oblmujala,    (Sappey.)  mtnl  oj'thf  cord.     (Sapper.) 

Fka.  111. — 1,  antprior  mcilian  fiBsiire;  2,  posterior  median  fiiwurc;  S,  Rray  comiiii^Burp, 
iDucli  tliickcr  berc  than  lower  down ;  4,  white  commissure  formed  by  (he  deciit»i- 
tion  of  the  tntcKor  columns;  S,  anteriot  eoniu  ;  G,  poslerior  comu  ;   7,'latcn1  eornu. 

Ra.  1 12. — I,  interior  Hsinire ;  2,  posterior  fissure :  3, 3.  anterior  columns  of  moi!t  auihors ; 
*,  *,  lateral  columns  (thcw  columns  in  reality  paas  beyond  the  anterior  cornua,  and 
the  anterior  columns  occupy  Icsg  epaee  than  is  here  allowed  them);  fi,  posterior  eol- 
mana;  posterior  coraraisBure  (here  very  narrow  );  7,  reticulated  Birangi'ment  of  llie 
gnj  and  white  matter  at  the  jiinelion  of  the  two  comiia  :  N,  anterior  eomu  ;  8,  ante- 
rior oonm,  in  which  (he  multipolar  celU  are  distributed  into  three  principal  groupii;  i*, 
posterior  comu ;  10,  fltlh  pair  of  ccrrical  nerves. 


Passing  through  the  center  of  the  gray  commissure,  and 
extending  for  the  greater  portion  of  the  length  of  the  cord, 


may  be  seen  a  small  canal — the  central  canal  q/"  the 
cord.'  Tliat  portion  of  tlie  gray  commissure  wliicli  Uw  io 
front  of  this  canal  may  be  called  the  "anterior  gray  commis- 
sure,"  while  the  portion  which  lies  behind  it  is  <:iilled  Uu 


Fio.  US.—SnIinitfTomtlieihrmlr'gion  I'm.  \\\.—Serlim  of  tht 

o/  t/if  «..-i     (Sopiwy.)  mtHi  nfllu  etrd.    (!i*pp«T.| 

Fio.  113. — I,  anterior  flssure;  2,  posterior  Gsaiire  ;  3,  ulterior  col lUno  lilnued  vbU*  di 
corrcapaiwling  oornu,  and  dct-iisaatiDg  in  ibc  median  line  with  the  colutpo  df.iW  ^ 
poaite  aide ;  i,  1,  lateral  column  reaching  to  the  anterior  colnnin,  bat  M^iariiti 
fmm  il  bf  no  diadnct  line  of  dpmnrkation ;  S,  posterior  culiian ;  8,  T,  HVtiiai  ot  ik 
eolumnsAf  Clarke,  dliu led  at  the  tKo  extremitiei  ot  the  graj  oomnnMiu*. al  Iti 
junction  of  the  anterior  und  poBtcrior  comua,  and  containing  \ugc  inalUpolir«lt> 
B,  nntcrior  oorau;  tt,  puattirior  uomu :  10,  postcHur  root  ■>(  dorsal  narrn, 

Fia.  1H. — 1,  anterior  Baau re :  S,  poeteriorflaauret  S,  3,  nntcrior  aJumni  of  tn«M  itfkMi; 
4,  4,  lateral  columns  of  most  authors ;  fi,  posterior  column ;  6,  gray  comniMW*  ■! 
central  canal,  aud,  Ut  the  ri^t  and  left  of  tb?  latter,  the  oriGvwa  of  tvo  kt^uAd 
VL-ins;  7,  cctioulatcd  arriLnRemcnt  of  white  and  p*J  matter';  8,  aaUrior  m(M;1( 
posterior  cornu  ;  10,  posterior  root  of  the  lumhnr  nerre*. 


■■posterior  gray  commissure,"  In  front  of  the  jrmy  commis- 
sure a  band  of  white  nerve  substance  connect  the  twn  ht- 
enil  halves  of  the  cord,  to  which  Ihe  term  "anterior  whilf 
rommiasiire  "  is  applied. 

We  can  see,  by  such  ii  transverse  section,  that  the  poste- 
rior horns  divide  the  lateral  half  of  the  oord  into  twngwal 
suMivisions,  Ihe  one  lying  anterior  to  it  being  mlled  the 
antvro-lateral  column,  and  that  posterior  to  it  Win^  knoM 
aa  i\\e  posterior  volumn.  In  the  colored  plate,  which  ifitaktu 
from  Ihe  admirable  work  of  my  friend  and  colleagne  Pnif^* 

'  This  canal  is  continuoua.  above,  with  ibe /ourM  mInWf  of  tbc  bntini  aa^tkatc 
duct  of  Svlvius  i«  cam<idercd  tiy  some  anatomists  as  a  ronlinuatloti  of  tt  aboir  tbe  lavi^ 
vcmriole. 


Fio.  U5.— Diagram  ai<u*r.ai«g  lK<^  rtlatioiu  of  tht  i>tnt-fibrr  Irvutf  in  tU  ^ 
Thr  sePlioQ  ia  iiuppOHvd  tu  b«  ubeD  tnumvemel.r  lhrvut;li  the  hurcr  p 
ccrvloBl  i^nluiCMDutit  IbIikIiCI.v  iiir>di(led  from  FIrchaig  by  Hummuiui): 

A.  AnWrior  MedUn  Fimui*. 

B.  Pmttrior  Median  Kmio*. 

C.  iDtermedUte  fl»ure. 

D.  AnMrior  Hmj  Comu. 
B.   Hcwterior  Oimy  Coreu, 
F.   Gnj  Commiuure.  with  Ccntml  Caiwl. 
(i.   UncroMed  Pjnunidal  Tract  (Flechsig),  oT  Column  of  Tnrok. 

II.  Fundamental  Part  of  tho  Anterior  Column  (Anterior  Rool-Zanei  ut  <'hsr 

pupila). 

I.  Anterior  Part  of  Litsrel  Column. 

K.  Croaied  Pyramidal  Tract  of  Lateral  Cnlunin, 

I»  Direct  Tract  Ihim  Lateral  Column  to  <.'en>Uellum. 

U.  Column  of  Burdnch,  Pmicrior  RooNZonua  of  Charcot  and  Ills  pupUa. 

TH.  Column  of  Gol). 

The  poatcrior  columna  of  dc^criplire  anatomy  include  llie  Held*  H  ami  K  « 
the  saHkcc  IVom  B  to  K.  The  anlero-laleral  oolumna  extend  on  tlu  m 
R  to  A.  Their  anterior  divimon  includea  tlw  Bold*  6  an<l  H;  their  iMet 
the  Di'ld*  IC.  I.,  and  I. 
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sor  Hammond,  it  will  be,  however,  perceived  that  the  simple 
anatomical  divisions  of  the  cord  have  been  modified  by  patho- 
logical researches,  so  that  certain  special  regions  are  now  des- 
ignated, and  some  are  named  after  the  investigator  who  first 
discovered  their  function.  Thus,  to-day,  we  more  commonly 
read  of  the  columns  of  Goll,  of  Tiirck,  of  Burdach,  and  of  the 
"anterior  root  zone"  and  the  "posterior  root  zone,"  than 
of  the  anatomical  terms  with  which  you  are  doubtless  more 
familiar.  This  is  not  without  benefit  to  those  who  expect  to 
master  the  mechanism  of  the  symptomatology  of  the  more 
important  types  of  spinal  diseases,  although  it  may  for  a 
while  tend  to  confuse  you  ;  since  the  situation  of  lesions  can 
be  thus  more  simply  expressed  than  in  attempts  to  use  terms 
which  are  inadequate  to  convey  the  idea.  The  anatomical 
subdivisions  of  the  cord  are  fast  becoming  obsolete  tenns  with 
the  alienist,  since  they  are  based  upon  a  purely  structural 
foundation,  irrespective  of  the  physiological  properties  of  the 
different  paits. 

A  few  words  of  explanation  of  this  selected  plate  *  will 
assist  you,  I  trust,  in  mastering  these  new  terms  so  readily 
that  you  will  be  able  to  follow  my  subsequent  remarks  with 
as  much  ease  as  if  you  had  not  been  so  long  accustomed  to 
the  terms  which  will  be,  to  a  great  extent,  discarded.  You 
will  perceive  that  the  gray  matter  is  shown  with  its  two  ante- 
rior and  two  posterior  horns  (D  and  E) ;  and  also  the  antero- 
median and  postero-median  fissures,  separating  the  cord  into 
two  lateral  halves.  In  the  anterior  part,  lying  on  each  side  of 
the  antero-median  fissure,  are  seen  the  "columns  of  Tiirck" 
(G),  which  are  also  called  the  "direct  pyramidal  columns,'' 
from  the  course  of  the  nerve  fibers  which  form  them.  On 
either  side  of  these  columns,  extending  backward  toward  the 
line  of  the  transverse  commissure  of  the  cord,  are  the  two  re- 
gions (H)  which,  from  their  relation  to  the  anterior  roots,  are 
called  the  "anterior  root  zones.'' '  As  we  pass  still  farther 
backward,  we  next  meet  the  two  lateral  columns  (I),  w  hich, 
as  you  will  see,  are  limited  behind  by  the  posterior  horns  of 

'  Sec  Fig.  116.  '  Called  also  the  ^^  anterior  fundameiUal  eoiumn,'*^ 


gray  matter.  TJius  the  antero-lateral  column  of  the  smto- 
mist  Las  already  been  split  up  into  three  distinct  xwrtjons, 
each  of  which  is  specially  named.' 

This  lateral  column  is  sometimes  further  subdiWded  into 
the  "direct  cerebellar  column  "and  the  "crossed  pyramidal 
column,"  as  shown  in  the  colored  plate  taken  from  Bam- 
mond,  and  also  in  an  admii-able  schematic  drawing  wbldl  I 
have  copied  from  Segnin." 

Behind,  ami  adjoining  the  po.?terior  horns  of  gray  mattM. 
jini  will  see  two  greenish-colored  ]>oi-tions  (M).  the  posleriw 
root  zones,  or  the  "  cohimns  of  Biirdach"  ;  while  upon  either 
side  of  the  postei-o-median  fissure  lie  the  "  column.s  of  GoU " 
(N),  which  are  colored  pink. 


Fio.  Ue.^Tranneite  KctioH  nf  tht  gpinal  cord  and  fmifr.  (Srinln.) 
A,  Ulterior  median  Ikiurc;  P,  pMterior  median  scpluiu  :  t ,  «nlunm»  of  Gull ;  X.  wtaMi 
of  Burdach;  3,  dinwt  ocrcbelUr  l-oIuiddj  4.  crossed  iiyramklal  <aluinti;  t,  IwJ 
column;  6,  mntcrior  fundanicuiol  column;  T,  direct  pxramiilnl  nilnum  ((«1>«b«I 
Turok^;  8,  posierior  gmy  home;  0,  anterior  craj  homi  Stippled  |i»H  grmt  a* 
ter,     bhadcd  part— (wtliesuiiic  sjatriD.     Unshaded  pari— lrin«»uilie  »jKtoK 

We  can,  again,  thus  perceive  that  the  "jiosterinr  oolamn* 
of  the  simi)ler  cla.s,sification,  with  which  you  nre 
comprises  the  "columns  of  Gull  mid  of  Burdach." 


'  8w  res<«rehcB  o(  Flcchsi^,  of  L«i|ific,  rcgnrdini 
oliloD^ts  and  npinal  cord. 
'  ■■  Mediml  Iteeord,"  18T8. 


w  of  Ober*  b  lh«  ■ 
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FUJTCTIONS  OF  THE  SPINAL  CORD. 

Now,  the  questions  may^  naturally  arise  to  your  minds : 
Why  is  such  a  digression  from  previously  accepted  terms  so 
universally  used,  in  preference  to  those  more  familiar  and, 
possibly,  simpler  terms  of  nomenclature?  Why  should  the 
columns  of  Turck,  GoU,  and  Burdach  be  separated  from  each 
other  when  no  anatomical  line  of  division  seems  to  have  been 
created  ?  Is  the  arrangement  not  a  strained  attempt  to  mys- 
tify and  confuse  the  medical  student,  and  does  a  suflBcient 
ground  exist  for  so  gi-eat  a  departure  from  previous  methods 
of  description  ?  In  reply  to  such  anticipated  questions — and 
they  have  been  asked  of  me  many  times — I  would  respectfully 
draw  your  attention  to  such  points  in  the  physiology  and 
pathology  of  the  spinal  cord  as  will  help  to  show  you  the 
necessity  which  existed  for  such  modifications  of  previously 
feimiliar  terms,  as  well  as  the  advantages  which  are  gained 
by  those  subdivisions  of  the  cord  which  are  now  household 
words  to  the  specialist  on  nervous  diseases. 

I  would  first  call  your  attention  to  the  fact  that  the  spinal 
cord  is  an  organ  of  conduction.  The  motor  impulses,  which 
affect  the  muscles  of  the  different  parts  of  the  body,  are  un- 
questionably transmitted  through  it  from  the  brain  to  the 
part  destined  to  be  acted  upon  ;  hence  we  know  that  centrifu- 
gal impulses  need  not  be  created  in  the  cord  itself,  but  may 
be  transmitted  from  the  brain.  We  see  this  illustrated  in  the 
hemiplegias  of  cerebral  origin.  We  also  have  equally  positive 
proof  that  certain  sensory  impressions  are  conducted  by 
means  of  the  spinal  cord  to  the  brain  ;  hence,  centripetal  im- 
pulses or  impressions  must  pass  upward  in  some  instances. 
We  see  this  fact  verified  in  the  hemi-ansesthesia  which  often 
accompanies  motor  paralysis  of  cerebral  origin.  Now,  it  can 
be  stated,  with  an  approach  to  accuracy,  that  it  is  as  certainly 
proved  that  the  motor  impulses  travel  along  the  anterior  half 
of  the  spinal  cord,  while  the  path  of  sensory  impressions  is  in- 
timately associated  ^nth  the  posterior  half  oi  the  spinal  cord.' 

'  This  statement  is  only  approximately  correct,  as  will  be  shown  in  the  text  of  subse- 
quent pages. 


aOO  TEE  SPLS'AL    COHD. 

If  you  will  direct  your  attention,  in  the  Hecoml  place,  Ik 
the  fact  that  the  motor  fibers  found  in  the  anterior  prxitsiln 
not  decussate'  until  they  reach  the  me<lulla  oblon;^ta,  wbifc 
the  sensory  tibers  found  in  the  jjosterior  roots  ascend  in  th? 
columns  of  Burdach  for  a  short  distance  only,  when  they 
pass  into  the  gray  matter  of  the  opiwait^  half  of  the  t-onl,  «* 
can  understand  why  any  interference  with  the  motor  libcisliT 
below  the  medulla)  produces  2>(t-Tiilysis  on  the  corrfspottding 
side,  while  any  interference  with  the  sensory  roots  prodncei 
an(Bsf7tes/a  on  the  opposite  side  of  the  body. 

Again,  the  anfero-lateral  coluvins  of  the  pord,  which  eom- 
prise  the  portion  situated  between  the  antero-median  timiR 
and  the  point  of  attarhment  of  the  posterior  roots  <rf  tb« 
spinal  ner\'es,  are  not  sensible  to  any  form  of  direct  irrilatioa' 
This  is  a  point  of  some  clinical  interest,  since,  in  ct^rtain  mor- 
bid conditions,  a  marlied  change  in  this  respect  orcars,  and 
the  inexcitable  portions  may  then  give  rise  to  abnormal  sensa- 
tions and  to  spasm  of  the  nuisclea.  If  these  columns  be 
divided,  mluiitary  motion  Is  lost  in  all  the  parta  beluw  Uie 
point  of  section;  while,  if  all  the  other  jiortionsof  tfaeeori 
be  divided,  leaving  the  anterolateral  coUunns  intart.  the 
power  of  voluntary  motion  remains.  The  columns  of  T3ni 
und  tile  crossed  jiyraniidal  columns  are  colon*d  alike  In  ib« 
plate.  This  indicates  a  probable  similarity  «>f  function  Iw 
tween  these  tw<j  subdivisions  of  the  cord. 

The  gray  matter  of  the  cord  seems  to  bo  most  fnliaulrif 
associated  with  the  tmnstnission  of  sen-iort/  impreixiotiJt  to 
the  brain,  and  that  portion  which  lies  in  close  relation  to  IW 
central  canal  of  the  cord  is  apparently  the  most  imjiorttni 
of  the  transmittory  apparatus.'  If  the  entire  gniy  substann? 
of  the  cord  be  divided,  little  or  no  injury  Iteiug  done  to  die 

'  A*  rrt:arils  tbia  paint,  Rrowa.Sf([nard  tnyx :  "  In  aniniikU,  there  mub*  Iu  b«  b  lb 
■pilial  Kuiil  it>clt  n  (IcCQHlalion  ot  a  few  of  llio  molur  cuniiuclorH."  I  ilo  nn(  thtaft,  h^ 
«vcr,  thnt  euch  >  ileciixsfltion  can,  as  jrel.  be  tcHBhI  In  min.  If  nucb  dMUiMtte  ta> 
Mint,  it  ia  prrwnl  only  in  tho  wi-vien/  region,  mil  not  iri  the  dotMl  uvl  lambat  ntfMk. 

'  Tlic  pipprimpnti  of  Viil|)iui  neum  to  prove  that  th«  tnt«nwl  portioii  of  itw  mMr" 
culiimn  dws  exhibit  n  tratv  of  eidlnbilit;  In  the  Domiftl  ttatc 

*  The  ciprrinicota  of  firowa-Siquard  aeon  to  wansiit  this  condaduL  Vtqtok 
em;  mitttvr  any,  thcruforc,  luffloo  to  conTey  all  senEory  iinpr»»iniu. 
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white  substance,  all  power  of  perceiving  sensations  seems  to 
be  destroyed  below  the  i)oint  of  section.  In  addition  to  this 
function,  the  gray  matter  of  the  cord  seems  to  exert  a  con- 
trolling influence  upon  the  nutrition  of  muscles  and  other 
tissues,  since,  when  the  anterior  portion  becomes  the  seat  of 
disease,  the  muscles  often  undergo  atrophy,  and  occasionally 
joint  diseases  develop.  This  so-called  'HropMc function'*'^  is 
not  yet  thoroughly  understood.  Finally,  the  gray  matter  of 
the  cord  is  known  to  embi-ace  several  centers,  the  two  most 
important  of  which  are  the  cilio-spinal  center  and  the  genito- 
urinary  center.  The  former  of  these  is  situated  in  the  cervi- 
cal region,  at  its  lowest  part,'  and  exerts  an  influence  upon 
the  pupil  of  the  eye  and  the  skin  of  the  face  and  neck; 
hence  it  is  often  a  valuable  guide  to  determine  the  height  of 
a  lesion  in  the  spinal  cord,  since  the  pupils  show  changes 
when  it  is  involved  that  are  of  value  to  the  diagnostician. 
The  latter  center  (genito-urinary)  is  situated  in  the  dorso- 
lumbar  portion  of  the  cord,  and  often  creates  symptoms, 
when  disease  of  the  cord  exists,  referable  to  the  bladder  and 
genital  organs.  Certain  smaller  centers,  having  a  vaso-motor 
function,  are  described  by  some  authors ;  but  their  situation 
and  special  functions  are  either  unknown  or  of  little  practical 
utility  in  diagnosis,  while  the  physiological  centers  of  the 
cord  are,  as  yet,  a  matter  deserving  further  investigation  be- 
fore any  i)ositive  statements  can  be  made  concerning  them. 

In  the  posterior  column  of  the  cord,  comprising  the  col- 
umns of  Goll  and  of  Burdach,  there  exists  a  certain  amount 
of  white  substance^  whose  function  seems  to  be  chiefly  to  act 
as  commissural  fibers  between  certain  portions  of  the  spinal 

'  The  researches  of  Walbr,  Budge,  and  Brown  S^quard  would  indicate  the  limits  of 
this  center  between  the  fifth  cervical  and  second  dorsal  vertcbrse.  It  exists  in  each  lat- 
eral half  of  the  cord.  It  presides  over  the  vaso-motor  nerves  for  the  vessels  of  the  cor- 
responding eye  and  side  of  the  face  and  neck.  Viilpian  places  its  limits  as  low  as  the 
fourth  dorsal,  and  Claude  Bernard  as  low  as  the  seventh  doi*sal,  while  Schiff  carries  its 
limits  as  high  as  the  medulla  itself. 

Vulpian*3  conclusions  indicate  the  gray  matter  of  the  cord  as  po9Uivehf  incapable  of 
exeUabilittf  ;  but  he  attributes  slight  excitability  to  the  anterior  fasciculi  of  the  cord  and 
great  excitability  to  the  posterior  columns.  In  these  deductions,  he  differs  somewhat 
from  the  results  of  Chauvcau,  made,  in  1861,  upon  the  domestic  animals. 


cord.  This  portion  has  also  some  important  relation  tn  I 
poimer  of  coordination '  of  muscular  movement,  since  duMisi; 
of  this  i-egion  of  the  cord  is  followed  or  acoompanied  by  ills- 
orders  of  motion,  called  ataxic  symptoms,  which  are  not  dae 
to  paralysis. 

Like  the  cerebrum,  the  spinal  cord  has  the  inherent  power 
of  presiding  over  certain  muscular  acts.  It  is  now  quite  con- 
clusively pi-oven  that  the  automatic  acts  of  walking,  standing, 
swimming,  and,  to  some  extent,  plajing  upon  musical  in!«tm- 
ments,  dressing,  etc..  are  largely  controlled  by  the  8i:(ina!  wird 
alone.  It  is  unquestioned  that  certain  of  these  arts  can  Iv 
made  so  mechanical  that  the  spinal  cord  is  slowly  and  pain- 
fully educated  to  perform  them  without  any  aid  from  the 
cerebrum.  It  is  not  generally  accepted,  however,  that  the 
giuy  matter  of  the  cord  has  anything  to  do  with  (he  attrihate 
of  consciousness. 

FIDEOS   OF   THE   SPIXAL   CORU. 

There  are  probably  three  varieties  of  fibers  within  the  sdIv 
stance  of  the  spinal  cord,  viz.,  motor  libers,  senaory  libera, 
and  commissural  fibers.  Each  of  these  has  been  already  loeB- 
tioned,  and  some  points  of  general  interest  pertaining  to  ihw 
situation  and  function  have  been  given ;  but  therw  are  Mill 
some  points  which  must  be  understood  before  we  are  able  In 
intelligently  discuss  the  symptoms  uf  spinal  affections. 

The  motor  fibers  are  containetl  in  the  anterior  roots  of  the 
spinnl  nerves  and  escape  from  the  substance  of  the  conl  in 
the  region  of  the  anterior  horns  of  gray  matter.  If  we  xrtft 
them  fntni  the  neiTe  trunk  towai-d  the  center  of  the  ronl,  w^ 
shall  iind  that  they  penetrate  the  anterior  horns,  and  are  tn 
immediate  connection  with  the  j}rolon(inf!uns  of  the  molor 
ce7Is  of  that  portion  of  the  gray  malter.  Certain  nintor  fili*" 
can  Im"  also  traced  toward  the  brain,  passing  upwai-d  in  the  an- 
terior portion  of  the  white  substance  of  the  cord,  while  pro- 
longations of  the  motor  cylls  of  the  gray  matter  are  also  fottiwl 

'  The  crrFbcllum  liu  aW  n 
The  rmdcr  is,  ihcreXorc,  rclerrod  to 
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to  be  associated  with  these  fibers,  which  ascend  to  the  braia  in 
the  white  substance.  Now.  this  connection  l>etween  the  mot.ir 
fibers  and  the  nen^e  cells,  and  the  second  connection  of  ihf 
cells  with  fibera  going  to  the  brain,  would  seem  to  suiip^  tfat 
pleasing  hypothesis  that  tlie  motor  impulses  are  sent  first  tmm 
the  brain  to  the  cells  of  the  cord,  and  from  them,  through  the 
luotor  nerves,  to  the  muscles ;  and  that,  when  the  conl  h 
(aught  to  perform  certain  automatic  acts  without  the  inH-rreih 
tion  of  cerebnil  action,  these  cells  themselves  are  the  exritinjt 
organs  of  the  motor  impulses  (since  they  are  the  elenieou 
which  are  most  probably  concerned  in  the  reflex  mnvemenis 
of  tile  spinal  cord).  We  know  that  the  legs  of  a  frog  ran  he 
made  to  perform  muscular  movements  after  the  b(^d  has  Ixfra 
taken  off,  by  simply  stimulating  the  sensorj*  ner\-es  :  and  we 
see  the  same  reflex  movements  occurring  in  paralyzed  \\m\v, 
which  are  out  of  the  voluntary  control  of  the  bruin.  To  ex- 
plain these  phenomena,  we  must  believe  that  the  rontnr  rella 
of  the  cord  are  capable,  when  called  upon,  of  performing  manj 
muscular  acts,  some  of  which  would  seem  too  complex  forspi- 
nal  control  without  cerebi-al  assistance,  as  walking.  Kwimminj, 
playing  ujion  musical  instruments,  etc.  By  rererring  to  llie 
diagram,'  which  is  shown  you  upon  the  blackboiM^l,  wbcwi 
multipolar  spinnl  cell  is  magnified,  you  will  easily  unilerelsBd 
how  these  various  poles  can  be  connected  with  certain  motor, 
and  probably,  also,  with  sensory  fibers ;  hence,  it  cau  b««  swB 
that  the  cell  may  receive  certain  sensory  impreHsiom  fron 
some  poles  and  send  out  certain  motor  impulses  to  the  mus- 
cles by  means  of  others,  thus  accounting  for  the  tniMCohr 
movements  which  follow  the  irritation  of  sensory  nerves. 

The  sensor !/  fibers  ent^r  the  cord  at  the  posterior  rndtsuf 
the  spinal  nenes.  They  are  intimately  connected  with  tW 
posterior  horns  of  the  gray  matter.  They  probably  asmJ 
and  descend  in  the  columns  of  BuiYlacli  for  a  certuin  dbtaBf, 
and  then  decussate.  The  decussation  of  the  sensory  (itwnis 
accomplished  either  by  the  passing  of  the  fillers  themwlra  to 
the  opposite  side  of  the  cord,  oi-  by  the  prolongation  of  «■» 

'  Sec  Fig«.  1  IT  and  118  of  ibU  rolumr. 


PATB  OF  SENSORY  IMPULSES  IN  THE  CORD. 


Fia.  m.—MuHijiolar  nerve  cell  fi-om  Ihc  anlmjr  i~>rnu  of  llie  tpinal  eordofllieox: 

miufn^al  200  diaindcra.    (Deilere.) 

a,  Kxis-Cflimler  proloagation ;  b.  b,  b,  6,  b,  4,  branching  'pTo\<j'ai£W.\ana. 
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of  the  poles  of  the  spinal  cells  into  the  gray  matter  of  the 
opposite  side.  The  decussation  probalily  takes  place  nxrla- 
sively  in  the  gray  matter.  While  this  decii.ssutiun  seenu 
positively  proven  liy  yll  physiological  exY)eriment,  Utile  of  i 
positive  character  has.  a.s  yet,  been  shown  by  actual  aaatomi- 
cal  demonstration.  The  sensory  nerves  are  in  communiralinn 
with  the  cortex  of  the  encephalon,  probably,  by  means  of  ihp 
gray  matter  of  the  spinal  coixl,  which  acts  as  a  condui-tinR 
medium  for  the  centriiwtal  impulses.  As  before  mentiim^ 
the  gray  matter  which  sitrrounds  the  central  cannl  of  ih? 
spinal  cord  seems  to  be  the  chief  channel  for  the  tninsmbdon 
of  sensory  impressions  fvova  the  trunk  and  the  extremideH  to 
the  brain.     Thus  we  apparently  have  in  the  spinal  cord  i 


'<in«rm  xvd'iM  nfike  •pvy  nulnianee  of  tJte  atOei-lor  Mnnui  ^Om^k^imt 
of  lite  01,  trealtd  aiih  Hltralc  o/ulvtr.     (amndrr.} 

(^nndnrting  shaft,  to  which  the  sensory  nerves  become  Jnined, 
and  which  condncf.i  the  impressions  received  thnmgh  lh<* 
to  the  gangliii  or  the  cortex  of  the  encephalon.  It  is  tri- 
dent, therefore,  that  the  sensory  nerves  are  not  i-^intinnow 
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fibers  between  the  brain  and  the  parts  to  which  they  are  dis- 
tributed, in  which  respect  they  differ  somewhat  from  the 
motor  nerves,  whose  fibers  are  indirectly  carried  to  the  brain, 
although  the  motor  cells  of  the  cord  are 
probably  interposed. 

The  commissural  fibers  of  the  cord 
probably  exist  in  the  white  substance  uf 
the  posterior  columns.'  The  spinal  cord 
may  properly  be  considered  as  a  mass  of 
superimposed  ganglia ;  hence,  a  great  ne- 
cessity exists  for  certain  fibere  which  shall 
tend  to  unite  the  difiereut  parts,  and  thus 
conduce  to  the  perfect  harmony  of  action 
of  the  whole.  It  is  not  possible  to  de- 
monstrate the  existence  and  exact  situa- 
tion of  such  fibers,  but  all  physiological 
and  pathological  deductions  seem  to  sus- 
tain this  hypothesis.  These  fibers  have, 
probably,  a  most  important  influence 
in  the  proper  cooi'dination  of  muscular 
movement 

The  above  diagram  ilhistrates,  in  a  very  simple  way,  the 
general  course  of  the  motor  and  sensory  paths  of  the  spinal 
cord.  The  outer  lines  of  the  diagram  show  the  general  out- 
line of  the  spinal  cord,  which  merges  into  the  medulla  oblon- 
gata, above  ;  while  the  motor  tibers  are  designated  l>y  the  let- 
ter M,  and  the  sensory  fibers  by  the  letter  S,  both  where  they 
enter  the  spinal  cord  and  where  they  escape  from  it.  lliis 
diagram  shows  that  both  (he  sensory  and  motor  fibers  decus- 
sate/ but  that  the  motor  fibers  cross  in  the  medulla  oblongata 
only,  while  the  sensory  filers  cross  soon  after  they  enter  the 
spinal  cord,  when  they  join  with  the  gray  matter,  and  use 
that  as  a  means  of  transmitting  their  sensory  impressions  to 
the  brain.  The  diagram  also  sliows  that  the  sensory  fibera 
^ring  from  the  posterior  roots  of  the  spimil  nerves,  since  the 

'  A-  Flint,  Jr^  op.  cil.  Tlic  ciperiincnts  msdc  to  prove  this  point  mav  be  found  in 
■knoit  anj  of  tlie  later  truatiecs  on  jibjitioli^y. 


3.  ISO. — Courst  of  motof 
and  trmorg  paiha  in  the 
i/iinaf  cord.  (Brown- 
S^quard.) 
D,  JerussattoD  of  (iTramids ; 
M,  molor  pKtha;S,iwn- 
eory  pntli*. 
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ganglionic  enlargement  is  depicted  upon  the  sensory  fibers  as 
two  small  black  dots.  Now,  it  is  easy  to  undei-stand,  by 
means  of  this  diagram,  why  any  lesion  above  the  vieduUa  ob- 
longata must  produce  all  of  its  sjTnptoms  on  the  side  of  the 
body  opposite  to  that  of  the  exciting  cause,  since  the  motor 
and  sensory  fibei*s  both  decussate  below  that  point ;  *  while  it 
also  shows  that  any  lesion  below  the  medulla  oblongata  must 
produce  motor  symptoms  upon  the  same  side  as  the  lesion, 
and,  probably,  sensory  manifestations  upon  the  side  opposite 
to  it,  since  these  latter  fibers  decussate  for  the  entire  length 


Fin.  121. — Xii'vc  cell  from  the  fcrrufjinous  substaner  which  /orm$  ihejinor  of  Ike  rk^sh 
boidal  ginusy  in  man  ;  magnified  350  dianiden,     (K5lliker.) 

of  the  spinal  cord.  In  all  spinal  lesions,  causing  motor  paral- 
ysis, the  body  is  afi'ected  below  the  i)oint  of  disease,  since  tht» 
conducting  fil)ers  to  the  bmin  are  cut  oflF;  while,  in  lesions  of 
the  j)osterior  portion  of  the  spinal  cord,  the  nen'es  of  that 

'  Thift  i»  not  nbsolutelv  tnu*  an  all  of  the  motor  fibers  do  Dot  decusMtc  in  th* 
medulla.  The  n*ader  is  referred  to  page  327  of  this  volume  for  the  results  of  the  inrc^ 
gations  of  Flcc>li:<ig. 
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region  may  be  rendered  incapable  of  action,  but  the  parts 
below  may  be  still  capable  of  perceiving  sensory  impressions, 
provided  that  the  gray  matter  is  left  intact,  or  suflBcient  of  it 
remains  to  act  as  a  conducting  medium  to  the  brain. 

The  commissural  fibers  of  the  spinal  cord  are  not  depicted 
in  this  diagram  of  Brown-Sequard,  since  little  is  positively 
known  as  to  their  exact  situation  or  function.  As  they  are 
probably  confined  largely  to  the  posterior  half  of  the  spinal 
cord,  and  as  they  are  also  probably  intimately  associated  with 
the  coordination  of  movement,  it  is  not  diflacult  to  see  why 
the  symptoms  of  ancBsthesia  and  ataxia  should  march  hand 
in  hand,  when  the  spinal  cord  is  diseased  in  this  region  ;  and 
why  neuralgic  pains  should  be  created  by  the  irritation  to 
the  sensory  nerves,  rather  than  muscular  spasm,  which  would 
only  exist  if  the  motor  nerves  were  irritated.  This  general 
subject  will,  however,  be  more  fully  discussed  in  connection 
with  the  clinical  aspects  of  locomotor  ataxia  and  degenera- 
tion of  the  posterior  portion  of  the  cord  (the  columns  of  GoU 
and  Burdach). 

Finally,  two  points  are  especially  evident  in  respect  to  the 
nerve  fibers  of  the  spinal  cord.  These  may  be  stated  as  dis- 
tinct propositions : 

1.  The  nerve  fibers  of  the  anterior  roots  have  less  numer- 
ous connections  with  the  cells  of  the  gray  substance  of  the 
cord  than  are  possessed  by  those  of  the  posterior  roots. 

2.  The  morphological  distinction  between  the  fibers  of  the 
anterior  and  posterior  roots  is,  that  the  former  are  directly 
attached  to  the  nerve  cells  by  means  of  their  nerve  prolonga- 
tions, while  the  latter  are  only  indirectly  attached  to  the  nerve 
cells,  since  they  form  nerve  plexuses  before  becoming  united 
with  the  prolongations  of  the  nen-e  cells.* 

THE     SPINAL  CORD   AS    A    NERVE    CENTER. 

If  the  cord  be  separated  from  the  brain  in  a  living  animal, 
it  may  still  act  as  a  nerve  center,  independently  of  the  brain ; 
but,  since  the  spinal  cord  is  then  in  communication  only  with 

>  A.  Flint,  Jr.,  op.  ciU 
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the  nerves  which  arise  fi-om  it,  it  can  only  affect  the  spinal 
nerves,  and  not  those  of  cranial  origin.  This  autnmatic  ac- 
tion of  the  spinal  cord  is  of  a  purely  r^ex  type  under  such 
conditions.  It  can  be  demonsti-ated  by  exciting  some  one  o( 
the  sensory  nen-es,  when  a  muscular  response  will  be  cr«a(»d ; 
hence  the  term  "excito-motor"  is  often  iipplied  to  this  typ^ 
of  manifestation,  whether  occniring  during  life,  as  the  result 
of  disease  or  peripheral  irritation,  or  after  death,  as  tn  the 
physiological  experiment  alluded  to.  There  are  certain  arts 
which  are  constantly  occuiTing  in  the  body,  such  as  the  move- 
ments of  the  pupils,  of  the  intestinal  canal,  of  reftpiraliun, 
etc.,  which  are  prox>erly  classed  as  reflex  in  type,  but  which 
are  not  dependent  upon  the  spinal  cord  alone.  In  hict,  rU 
acts  are  classed  as  belonging  to  the  reflex  type,  which  ar«  the 
direct  result  of  some  form  of  sensory  irritatirm ;  bat  the 
term  is  generally  used,  in  discussing  the  spinal  cord,  in  its 
most  restricted  sense,  where  the  muscular  act  is  ptuvly  in- 
voluntary, the  result  of  some  direct  irritation  of  a  i^'nsurv 
spinal  nene,  and  confined  to  regions  of  the  IkkIv  over  which 
the  spinal  cord  exerts  a  direct  influence.  Thus,  we  often  »ee 
the  muscles  of  a  paralyzed  limb  suddenly  thrown  into  in- 
voluntary and  unexpected  contraction,  when  a  draught  vt 
cold  air  strikes  the  skin,  or  when  any  form  of  irritation  i"  di- 
rectly applied  to  it ;  while  such  spasms  are  common  in  certain 
forms  of  spinal  disease  which  tend  to  create  irritation  of  ihe 
spinal  structures,  irrespective  of  any  apparent  exciting  ranw. 
We  have  already  referred  to  certain  vaso-vtotor  cetUtrt' 

'  Tho  Tiso-mntar  nprvc^s  (or  ihc  imnk,  cilmniiios,  anil  lUioniiiul  iiKVfa  [mWUi 
oi'iginute  in  ihc^  folluoing  mimaer  (m»  rriicarclits  or  Tuliiian,  Scbiff,  Cjoo,  C1m4c  BV' 
nard,  anil  the  later  rcscsrcbcR  of  Dsstrc,  l^aKbut,  and  Uormt) : 

Tbo^e  for  the  upper  I'ltrcmilica  arc  deiired — 

1.  From  the  inferior  cervical  and  eujicrior  thoracic  ganglioD,  nnTtlng  u  ilw  bndlil 
ploiiu,  utoBc  to  Ihc  finit  rib  ; 

a,  Krem  the  ncm?  roois  of  the  brachial  plciuo ; 

3.  From  (ho  thoradc  cord  of  the  »ympBlhe(ic,  wtA  from  the  nem  inoC*  at  tbe  IIM 
fourth,  fifth,  sixth.  anJ  M.-*enth  ilorenl  ncrveB,  prlncipall;  from  tbc  lUtd  umI  waA. 

Those  for  Ihc  lower  extrcmitios  proceed — 

I.  From  the  ipinal  vnrd  with  the  Hriaiic  oticl  cmrkl  nerrca : 

a.  From  tlic  abdominBl  cord  of  the  ■ympathcilc. 
The  abdomiiul  liaoera  arc  supplied  with  Sbcn  oridng  froin  ■  coniUeraUt  \nA  ^ 
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which  exist  in  the  substance  of  the  spinal  cord,  the  two  most 
important  of  which  are  the  cilio-spinal  center  and  the  center 
for  the  genito-urinary  apparatus.  The  former  of  these  is 
situated  in  the  cervical  region,  and  exerts  some  marked  effects 
upon  the  eye,  face,  and  neck  ;  while  the  latter  is  situated  in 
the  dorso-lumbar  region  of  the  cord.  If  the  medulla  oblon- 
gata  be  considered  as  the  upper  expansion  of  the  spinal  cord 
(and  there  are  many  anatomical  reasons  for  thus  considering 
it),  all  the  centers  mentioned  as  situated  in  that  ganglion  may 
be  included  among  the  spinal  centers  of  automatic  action. 
Some  authors  have  gone  so  far  as  to  locate  in  the  spinal  cord 
certain  centers  which  preside  over  the  acts  of  micturition,  de- 
fecation, parturition,  erection,  etc.,  and  experiment  seems  to 
give  reason  to  hope  that  a  more  definite  ground  will  be  af- 
forded for  such  belief,  although  little  of  a  positive  character 
can  as  yet  be  given  in  regard  to  their  situation. 

It  has  also  been  claimed  that  the  spinal  nerves  exercise  a 
tonic  action  over  the  muscles  which  move  the  different  por- 
tions of  the  skeleton,  in  the  same  way  as  the  vaso-motor 
nerves  exercise  such  a  power  over  the  muscular  fibers  in  the 
coats  of  the  blood-vessels ;  and  certain  experimental  pheno- 
mena, chiefly  the  gaping  of  a  wound  in  muscular  tissue,  have 
been  advanced  to  sustain  this  theory.  It  is  not,  however, 
fully  sustained  by  all  the  facts,  *  and  is  not  generally  ac- 
cepted by  the  leading  physiologists. 

We  have  come  to  learn  that  each  group  of  cells — perhaps 
each  cell — ^in  this  gray  matter  represents  a  certain  kind  of 
intelligence;*  and  that  these  cells  are  probably  in  communi- 
cation with  one  another  by  means  of  white  fibers.  It  is  the 
sum  total  of  these  intelligences  that  imparts  to  the  cord  its 
characteristics  as  an  organ.     As  each  one  of  these  cellular 

the  dorsal  and  lumbar  cord,  and  running  within  the  sheath  of  the  splanchnic  nerve,  as 
well  as  by  fibers  from  the  abdominal  cord  of  the  sympathetic. 

The  raso-motor  nerves  of  the  head  and  face  take  their  origin  from  what  is  known  as 
the  "  cilio-spinal  center,"  and  when  this  center  is  destroyed  there  ensues  a  marked 
dilatation  of  the  capillaries  of  the  head  and  face. 

'  For  the  discussion  as  to  the  merits  and  demerits  of  this  theory,  the  reader  is  re 
ferred  to  the  late  text-book  of  Michael  Foster  on  physiology. 

•  L.  C.  Gray,  "Annals  of  Anatomical  and  Surgical  Society,"  October,  1880. 
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groups  and  its  inherent  intelligence  is  more  or  less  indepemi- 
ent  of  all  others,  so  the  combined  intelligence  of  ihe  cord's 
gi-ay  matter  is  independent  of  the  combined  tnleUigenwr  of 
other  collections  of  gray  matter ;  and  it  is  a  recognized  fcirt  ' 
that  the  Bpinal  cord  has  a  "  function"  of  its  own.  This  has 
been  exemplified  by  experiments  upon  headless  frogs  and  d^s 
capitated  human  beings.  Cut  off  the  head  of  a  fro;;,  |M>miit 
it  to  recover  from  the  shock  of  the  oijemtion,  then  pinch  ils 
skin,  and  it  will  hoj)  away ;  or,  thi-ow  it  into  water,  and  it 
will  swim.  Place  a  drop  of  acetic  acid  upon  the  belly  of  snch 
a  frog,  and  it  will  endeavor  to  brush  away  the  irritatiuo  with 
one  foot.  Now  amputate  the  leg  of  this  foot  at  the  kotw. 
The  animal  will  make  several  futile  attempts  to  natch  the 
iiTitated  spot  with  the  stump,  and,  failing,  will,  after  <uiiiie 
hesitation,  make  use  of  the  uninjured  limb  for  this  purpose. 
It  is  ejisy  to  repeat  this  well-known  experiment  of  Pflilger'a.* 
Robin '  witnes.sed  some  most  instructive  phenomena  in  a  crimi- 
nal whose  head  had  been  removed  an  hour  previous  at  ttw 
level  of  the  fourth  cervical  vertebrie.  The  skin  around  the 
nipple  was  scratched  with  the  point  of  a  scalpel,  Imin<*di- 
ately  there  ensued  a  series  of  rapid  movements  in  the  uppn 
exti-emity,  which  had  been  extended  \x\ion  the  tshle.  The 
hand  was  brought  across  the  chest  to  the  pit  of  the  siumariu 
simultaneously  with  a  semi-llexion  of  the  forearm  and  lovnuil 
rotation  of  the  arm— a  movement  of  defense,  as  it  were.  All 
this  teaches  us  the  more  clearly  to  understand  that  it  Ja  lii" 
inteUigene*  of  the  cord's  gray  matter  that  is  called  into  play 
in  a  thousand  actions  that  must  take  plmre  without  the  aid  'if 
that  conscious  intelligence  which  we  call  "mind."  The  intel- 
ligence of  the  spinal  cells  is  quite  sufficient  to  enable  mm  (« 
walk,  to  play  on  musical  instruments,  to  become  experts  in 
handiwork,  to  ride  on  horseback,  whether  awake  or  asleep,  tf 
become  acrobats,  and  tti  unconsciously  acquire  such  a  hand- 
writing that  its  minute  peculiarities  shall  l»e  unerringly  wccg- 
nizet^l  by  the  trained  eye. 

'  rflil-:rr,  "Die  MnRoriMbe  Function  d<?'i<  Buokenmarkv,"  ISU. 
>  -' Juur.  de  I'AaU.  et  de  U  Ph/aiol.,"  ]>»rii,  lfi«9. 
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CLINICAL  POINTS   PERTAINING   TO  THE  SPINAL  CORD. 

From  the  physiological  experiments  as  to  the  functions  of 
the  different  columns  of  the  cord,  it  now  seems  possible  to 
divide  the  spinal  cord  into  two  great  subdivisions,  which  will 
be  of  interest  from  a  purely  clinical  standpoint,  as  well  as 
from  a  physiological  aspect.  The  first  of  these  includes  the 
entire  antero-lateral  columns,  and  the  anterior  horns  of  the 
gray  matter,  and  is  the  probable  path  of  all  motor  impulses 
which  traverse  the  cord,  as  well  as  the  seat  of  "trophic 
influences "  upon  tissues.  The  latter  includes  the  posterior 
columns  and  the  posterior  horns  of  the  gray  matter,  and  is 
the  probable  path  of  all  the  sensory  impulses,  while  it  also  is 
associated  with  the  function  of  coordination  of  movement. 
Now,  both  of  these  subdivisions  include  several  parts  of  the 
spinal  cord,  which  have  been  eeparately  named  in  previous 
pages;  hence,  the  term  "system"  is  applied  to  both,  the 
former  being  named  the  '' kijiesodic  system^^^  and  the  latter 
the  ^*^  (Bsthesodic  system.^^  These  names  will  be  constantly 
used,  therefore,  when  the  portions  of  the  cord  which  con- 
vey either  motor  or  sensory  impulses  are  spoken  of  as  a 
whole  ;  while  the  other  names  applied  to  special  portions 
of  the  cord  will  chiefly  be  used  in  defining  the  situations 
of  special  lesions  whose  symptomatology  may  be  under  dis- 
cussion. 

If  we  are  to  attempt  to  grasp  the  symptoms  by  which  the 
various  lesions  of  the  spinal  cord  may  be  recognized  during 
life,  and  to  understand  why  certain  effects  must  be  produced 
(when  the  situation  of  the  lesion  is  known  to  us),  we  must 
make  some  classification  of  the  diseases  which  affect  the  spinal 
cord  on  such  an  anatomical  and  physiological  basis  as  shall 
naturally  tend  toward  the  constant  application  of  these 
branches  of  medical  science  to  the  symptoms  presented  by 
the  patient.  It  has  been  customary  with  most  of  the  late 
authors  upon  the  special  subject  of  nervous  affections  to  con- 
sider the  diseases  of  the  motor  regions  and  of  the  sensory 
regions  of  the  cord  separately;  using  the  tenn  ^^  systematic 
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lesions'"  to  express  the  fact  that  all  of  those  diseases, whicli 
are  not  purely  local,affect  either  the  kinesodic  ur  ffiathes^Mlii: 
systems.  ^^'heIl  we  speak  of  systematic  lesions,  thervfoiv. 
we  mean  those  types  of  disease  which  tend  to  diffuse  ihem- 
aelves,  for  a  greater  or  less  extent,  upward  and  downwanl. 
without  extension  to  the  ailjacent  columns  ;  thus  tlie  columns 
of  Goll  and  of  Burdach  may  be  involved  in  the  icsthesodie 
system,  the  latei-al  columns  and  the  columns  of  Turck  may 
be  involved  in  the  Idnesodie  system,  while  the  anterior  or 
posterior  horns  or  central  part  of  the  gray  matter  may  be 
the  seat  of  disease,  irrespective  of  the  other  parta  of  the 
cord. 

In  contradistinction  to  the  systematic  lesions,  certain 
types  of  disease  tend  to  spi-ead  laterally,  and  thus  to  inTotve 
different  columns  of  the  cord  in  succession.  These  are  grouped 
imder  the  general  head  of  ^'- focal  lesions  "  or  *'  iiori'Systtmutie 
lesions.''^  In  this  foi-m  of  degenenition,  or  of  new  tissne 
development,  the  extension  is  usually  limire<l  in  n  vertical 
direction,  but  it  may  extend,  hiterally,  not  only  to  liireno 
columns,  but  may  even  involve  both  the  kinesodic  and 
ffisthesodic  systems  in  its  progress. 

It  will  exceed  the  proper  scope  of  the  course  of  leetnni 
which  I  have  prepared  for  this  winter,  to  enter  into  a  full  d»- 
spription  of  the  s>-mploms  of  all  of  the  diseases  of  the  spiml 
cord ;  but  it  is  important  that  you  start  with  a  ffenrral  ctatti- 
fication  of  the  diseases  which  may  affect  thit(  region,  in  wdrt 
that  you  may  prf)perly  understand  the  meaning  of  lenu 
which  you  will  find  growing  into  use  with  astt:>ni8liiiig  npid- 
ity.  It  is  also  to  be  remembered  that  the  ctas-sificatioa  wtuch 
I  have  given  you  is  based  on  anatomy  and  pathology,  lad 
may  differ  markedly  from  those  of  some  authors  with  whfcll 
you  may  be  familiar:  a  little  study  will,  however,  remore  iB 
confusion,  and  perhaps  add  to  your  more  perfect  cotnpr^n- 
sion  of  the  subject. 
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**  SYSTEMATIC  " 
LESIONS. 


A  CLASSIFICATION  OF  THE   DISEASES  OF  THE  SUBSTANCE  OF  THE 

SPINAL  CORD.      (after  SEGUIN.) 

(Sclerosis  of  the  columns  of  Goll, 
Sclerosis  of  the  columns  of  Burdach  (locomo- 
tor ataxia), 
Ascending  degeneration. 
Sclerosis  of  the  anterior  columns, 
Sclerosis  of  the  lateral  columns  (tetanoid  para- 
plegia), 
Degeneration  of  the  postcro-latcral  columns, 
\  Myelitis  of  the  anterior  horns  (atrophic  spinal 
paralysis), 
Degeneration  of  the  ganglion  cells  of  the  ante- 
rior horns  (progi'cssiye  muscular  atrophy), 
Central  myelitis. 
Traumatism  of  the  cord. 

Compression  of  the  coi-d,  by  <  x^^Qpf 

Transyerse  sclerosis  of  the  cord. 
Transverse  softening  of  the  cord, 
Haemorrhage  into  the  cord, 
Tumors  of  the  cord. 


Lesions  of  the  Ki- 
nesodic  System, 


"  NON-SYSTEM- 
ATIC OR  "F0--{ 
CAL"  LESIONS. 


•'SYSTEMATIC  LESIONS"  OF  THE  "^STHESODIC  SYSTEM." 

In  the  table  *  which  I  have  written  out  for  your  inspection, 
you  will  perceive  that  the  systematic  lesions  may  affect  either 

• 

the  fiBsthesodic  or  kinesodic  systems  of  the  spinal  cord,  while 
the  focal  lesions  are  not  thus  separated,  since  they  tend  to 
extend  in  a  transverse  direction,  and  thus  may  be  found  in 
both.  As  the  aesthesodic  system  presents  only  two  well-recog- 
nized and  understood  conditions,  we  will  first  study  the  gen- 
eral effects  of  extending  disease  which  is  confined  either  to 
the  columns  of  Goll  or  of  Burdach. 

We  might  begin,  possibly  with  advantage,  by  stating  that 
the  general  results  of  any  lesion  situated  back  of  the  posterior 
gray  horn  of  the  cord  must  manifest  itself,  if  our  previous  de- 
ductions are  correct,  by  sjonptoms  referable  only  to  sensation 
and  coordination.  This  we  find  to  be  approximately  correct. 
We  have  in  this  type  of  cases  ancestJiesia^  Tiyperatstliesia.,  or 
numbness^  and  also  pain  (usually  possessing  some  special 
characteristics  which  are  of  clinical  value) ;  while  coordi- 
nation is  unquestionably  affected  as  well,  since  a  peculiar 


*  See  page  315  of  this  volume. 
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disorder  of  voluntary  movements,  which  constitutes  true 
''ataxia,"  is  usually  developed.  Our  previous  statements  as 
to  the  i)ath  of  the  motor  impulses  of  the  cord  seem  to  be  con- 
firmed by  the  absence  of  either  spasm  or  true  paralysis  of 
the  muscles  below  the  lesion. 

The  question  now  arises,  ' '  Can  we  tell  whether  the  disease 
is  confined  to  the  columns  of  GoU  or  of  Burdach  ?  ^  We  can 
undoubtedly  locate  the  lesion  in  the  opposite  side  of  the  cord 
from  that  of  the  body  upon  which  certain  symptoms  are  well 
marked ;  but  can  we  tell  positively  whether  the  lesion  is  pro- 
gressing in  the  inner  or  outer  column  of  the  posterior  half  of 
either  side  of  the  cord  which  shows  the  evidence  of  disease  \ 

SCLEROSIS  OF  THE  COLUMNS  OF   GOLL. 

As  regards  the  columns  of  GoU,  I  feel  myself  forced  to  say 
that  I  do  not  believe  that  localized  disease  can  be  positively 
diagnosed  when  confined  to  these  columns ;  although,  from 
certain  pathological  deductions,  we  can  often  infer  that  it 
exists^  since  it  has  been  found  to  occur  as  a  secondary  result 
of  those  other  lesions  which  are  capable  of  producing  an  as- 
cending or  descending  degenerative  process  in  the  spinal  cord. 
As  the  columns  of  GoU  are  large  and  distinct  in  the  cervical 
region  of  the  cord,  but  become  narrower  and  narrower  as  the 
lower  portion  of  the  cord  is  reached,  the  lesion  of  this  column 
becomes  more  evident  to  ocular  demonstration,  when  present, 
as  you  ascend  the  cord.  The  entire  length  of  either  column 
may  be  affected,  or  only  portions  of  it.  In  the  ascending 
form  of  secondary  degeneration  of  these  columns,  the  lesion 
is  always  observed  above  the  seat  of  the  exciting  cause.  This 
lesion  has  never  been  traced,  so  far  as  my  researches  go,  above 
the  "calamus  scriptorius." 

SCLEROSIS  OF  THE   COLUMNS  OF  BURDACH    (LOCOMOTOR   ATAXIA). 

The  columns  of  Burdach  are  the  seat  of  sclerosis  more 
commonly  than  those  of  Goll,  since  this  type  of  change  pro- 
gresses, as  a  rule,  from  the  posterior  root  zones  inward,  and 
thus  only  affects  the  columns  of  Goll  after  those  of  Burdach 
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have  become  seriously  imjiaireil.  In  all  those  nises  where  the 
8jTnptoni3  <tf  piiin  aiid  iiltemtion  in  the  sensihility  of  parts 
prtK-ede  those  of  ataxia,  we  find  the  rolumns  of  Bardach  first 
affected  with  a  systematic  lesion,  and,  afterwanl,  those  of 
UoU,  The  investigationa  of  PieiTet  and  Charcot  seem  to  de- 
monstrate that  the  condition  of  sclerosis  of  the  columns  of  Bur- 
dach  usually  bejrins  in  the  lumbar  enlarfreraent,  and  tends  to 
creep  gradually  upward  toward  the  medulla  oblonfrala.  so  that 
the  entire  length  of  the  cord  may  become  hardened  and  atro- 
phied ;  while  the  same  condition  of  the  columns  of  Goll  is 
usually  foand  to  coexist,  but  may  be  looked  upon  as  a  sec- 
ondary result  of  the  former. 

Now,  we  have  mentioned  certain  i)eculiar  symiitoms  which 
point,  when  present,  to  some  disease  of  the  posterior  columns 
of  the  spinal  coixi,  among  which  come  pain,  htfprra'ithexin, 
nuvibfiefn,  inta:iit?ic8Ui,  and  symptoms  of  ineoordiimtloii 
(ataxia)  when  the  disease  is  far  advanced.  We  discover  no 
mot<»r  symptoms,  as  the  mnscnlar  power  api)ears  to  Iw  normal 
in  all  respertfl,  except  in  coordinate  movement ;  and  no  "  ti-o- 
phic  changes"  in  tissues  are  prfxluced.  as  would  ensue  if  the 
anterior  portion  of  the  cord  were  involved.  It  will  help  us  to 
i-ecognize  this  disease,  if  we  will  study  a  little  more  in  detail 
(«ich  of  these  varions  manifestations  of  jx>sterior  spinal  lesions. 

In  the  first  place,  the  pains  of  this  tyi*  of  sclerosLs  are 
pecniiar.  They  do  not  follow  the  course  of  special  nerve 
trunks,  as  do  neuralgic  jiains.  but  are  more  localized.  Tliey 
are  VBgnuil  in  character,  since  they  affect  innumenible  spots 
in  the  region  which  is  presided  over  by  the  nei-ves  connected 
with  the  diseased  portion  of  the  cord  ;  and  so  marked  is  this 
y>eculiarity  that  a  jjatient  who  has  long  suffered  with  these 
(lains  can  not  well  stOect  any  si>ot  which  has  entirely  eacaiied 
them.  Again,  the  pains  vary  ia  their  intensity,  since  they  are 
more  or  less  paroxysmal,  and  often  show  exacerbations  due  to 
atmospheric  changes."  These  exacerbations  may  occur  every 
few  minutes  for  some  hours,  and  may  then  disappi-ar  for 

'  IlimpiipJ*  tf^mi.  \n  inorcnte  ihe  WTcrilj  of  ihcsc  pnhiJ,  tbiis  oftvn  tiiiiliiig  m  mia- 
lead  ibo  pnctltioiMr  u  to  thdr  rheumatic  origin 
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days  or  weeks  ;  the  area  covered  hy  them  may  vary  from  ihat 
of  a  small  point  U)  that  of  your  hand  ;  and  ihey  may  be  ns 
(erred  to  the  skin  alone,  the  muscles,  the  jVjints,  the  liotu^ 
or,  in  ram  eases,  to  tlie  viscera,  Tliese  pains  are  UNaally  of » 
sudden  character,  and  extremely  severe.  They  assiuiie  ihe 
character  of  stabbing,  tearing,  ov  shooting  sensntioiui,  whirli 
oft^m  cause  the  patient  to  shriek  in  aguuy ;  u-hil«  the  uliui 
over  the  circumscribed  spot  is  rendered  hj-peiwstbesir  lo 
sliglit  pressure,  although  firm  pressure  often  affords  relirf. 
The  terms  "fulgurating"  and  "terebrating'  aiv  often  apjdirJ 
to  these  pains,  fi-om  their  sudden  onset  and  their  similarity  to 
the  effects  of  a  passage  of  a  strong  electric  ourrenl.  In  fort, 
the  distinctive  chamcteristics  of  the  pain  of  sclerosiii  «f  the 
posterior  columns  of  the  spinal  cord  are  so  well  defined  that  f 
seldom  hesitate  to  predict  the  development  of  lat^r  aiazi? 
ayniptoms  from  this  guide  alone.  It  is  usually  confined  to  tbo 
lower  extremities  {toes,  font,  shin,  calf,  and  tbigfa),  bol  it 
sometimes  affects  the  trunk  and  the  upjier  extremity,  and.  in 
very  nire  eases,  the  head.  It  is  to  be  differentiated  from  llw 
pain  of  rheumatism  or  of  a  simple  neuralgia,  and,  as  it  is  ibe 
initial  symptom  of  a  serious  and  incurable  disea^s  it  shouU 
be  recognized  early. 

Touching  upon  this  point.  Professor  E.  C.  Strain,  in  •  Isle 
lecture,  puts  the  diagnosis  of  this  affection,  with  hlsaocas- 
tomed  clearness,  as  follows : 

"  The  only  two  conditions  in  wliich  pains  somewhat  iww- 
bling  fulgurating  pains  occur,  in  my  exjjerience,  are  pMnlrtir 
dementia  and  gout.  In  the  former  disease,  slight  fulguniliiK 
pains— 'smaller'  pains,  if  I  may  be  aIlowe<l  the  exprefwioit- 
are  described  by  the  patients ;  but.  in  many  of  these  oww. 
autopsy  shows  that,  besides  the  cerebral  lesions  propi-r  t"  Ihr 
disease,  the  jMisterior  columns  of  the  cord  exhibit  i>athrihig>nl 
alterations ;  so  that  these  cases  are,  after  all,  yji/?*i-laUflif- 
The  shar[i  pains  of  gout  are  short,  stabbing  pains  in  the  skii 
of  various  parts  of  the  body,  compared  by  the  pnti«iil»  C" 
he  prick  of  a  needle,  cold  or  hot,  Tliere  is  no  tendency  w 
Bpetition  of  ihe  pain  in  one  spot  for  houns  or  days ;  Uih  «• 
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satlons  api)ear  in  various  parts  of  the  body,  and  ai'e  bear- 
able. 

**  The  differential  diagnosis  of  fulgurating  pains  from  the 
pains  of  neuralgia,  strictly  speaking,  is  very  easy.  In  neural- 
gia the  pain  is  in  the  course  and  distribution  of  one  or  two 
(single)  ner\'e  trunks  and  their  branches ;  it  may  be  parox- 
ysmal, but  does  not  assume  the  excessive  irregularity  of  ta- 
betic pains,  viz.,  agony  for  a  few  hours,  and  freedom  from 
I)ains  for  hours,  days,  or  weeks.  The  hypersesthesia,  in  ful- 
gurating pains,  is  at  the  seat  of  pain.  In  neuralgia,  we  find 
regular  'tender  i)oints'  ahmg  the  nerve  trank,  or  where  its 
branches  become  superficial.  The  lightest  touch  causes  pain 
in  the  painful  districts  in  tabes,  while  the  tenderness  of 
nerves  in  neuralgia  is  usually  demonstrable  only  by  firm, 
localized  pressure.  Further,  true  neuralgia  is  seldom  bilat- 
eral, while  it  is  the  rule  for  fulgurating  pains  to  appear  on 
both  sides  of  the  median  line — in  both  lower  extremities,  for 
example.  A  last  important  distinction  is  that  neuralgia  is 
relievable  or  curable,  whereas  fulgurating  pains  are  practi- 
cally incurable,  and  fully  relieved  only  by  morphia  injections. 

^'The  confusion  so  often  made  between  'rheumatism'  and 
the  first  stage  of  sclerosis  is  even  less  i)ardonable.  Of  course, 
no  practitioner  would  mistake  fulgurating  pains  for  articular 
rheumatism;  the  error  is  with  respect  to  'rheumatism,'  so 
called,  affecting  muscular  masses  and  ai)oneuroses.  In  these 
affections  the  pains  are  usually  dull,  nearly  constant,  and  dis- 
tinctly aggravated  by  movements.  Pressure  must  be  firmly 
made  upon  the  parts  to  produce  j^ain,  whereas  in  fulgurating 
I)ains  the  condition  is  one  of  cutaneous  hyperalgesia  under  a 
slight  touch.  Again,  this  '  rheumatic '  condition  is  distinctly 
amenable  to  treatment  (counter-irritants,  etc.),  whereas  the 
pains  of  posterior  spinal  sclerosis  ai'e,  in  one  sense,  incurable." 

Now,  this  symptom  may  exist  for  yeara  without  the  de- 
velopment of  marked  anaesthesia  or  of  ataxia,  and  often  both 
the  ]>atient  and  the  physician  are  inclined  to  speak  of  these 
pains  as  dependent  upon  some  rheumatic  diathesis,  rather 
than  as  a  precursor  of  an  incurable  affection.     The  i)eculiar 
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hyperiesthesia  wliich  exists  in  the  patches  of  skin  affertrd 
with  the  pain,  bi)th  daring  the  pamxysm  and  sometimes  for 
houra  afterward,  aifordg  a  point  of  great  diagnostic  valne. 

As  regards  the  second  diafinf'Stic  s\Tnptoni — aneefthetia— 
it  is  claimed  that  an  alteration  in  the  sensibility  of  the  af- 
fected parts  can  be  detected  in  the  earliest  stages  of  th*?  dir- 
ease,  as  well  as  later  on  ;  bnt,  in  the  former  case,  the  loss  of 
sensation  is  localized  in  distinct  spots  or  patches  of  iotr^- 
ment  (usually  upon  the  lower  extremities,  but,  jjossibly,  ajjia 
the  trunk  and  arms,  if  the  disease  be  extensive),  while,  in  the 
later  stages,  the  soles  of  the  feet  become  deprived  of  swm- 
bility,  and  the  ana>sthetic  condition  tends  to  extend  upward 
along  the  legs  and  thighs  until  the  whole  of  the  a(Fect«l  n- 
gions  may  be  dead  U>  all  sensations.  Now,  it  is  this  very  wm- 
dition  of  the  integument  that  probably  causes  th«  »j-mpltim 
which  is  regarded  by  many  physicians  as  pathognomonic  <if 
locomotor  ataxia — staggering  or  falling,  when  the  eyes  are 
closed  and  the  patient  attempts  to  stand  erect — tind  no  lest  U 
more  worthless  of  this  special  affection.  I  have  seen  a  palkal 
made  to  faU,  when  his  eyes  were  closed,  by  simply  freeiiiig 
the  soles  of  the  feet  so  as  to  render  them  incapable  of  setua- 
tion,  while  it  is  well  recognize<l  that  the  same  symptom  la  nrt 
with  in  the  anaesthesia  which  follows  or  accomi«inies  byrteria. 
myelitis  of  the  posterior  horns,  etc.  That  patients  uHlirteJ 
with  locomotor  ataxia  do  stagger  and  often  fall,  when  ob)i^ 
to  stand  ei-ect  with  closed  eyes.  n(»  one  can  deny,  but  thai  it 
has  no  special  diagnostic  value  can  now  Iw  as  positively  staled. 

In  the  final  stages  of  sclerosis  of  the  posterior  oi>]atiaK 
symptoms  of  ataxia  develop.  The  walk  of  the  patient  no* 
becomes  of  a  peculiar  character,  The  legs  are  jerked  abmit 
in  an  aimless  manner,  and  the  feet  are  bniught  down  to  ■ 
stamping  way  which  is  totally  different  from  the  gait  «»f  jo- 
ralysis.'    The  .separate  muscles,  when  tested,  show  an  ratn- 


'  Tliis  symptom  may  develop  nl  n  vnriablc  period  trom  the 
neuralgic  pains  (the  diinition  of  Iho  pnina  Tnrjing  from  Ihrm  mantlji  Ui  l«a  «■*■ 
yrars).     Tho  bcel  Blrikcii  tbe  ground  forcihl}'  id  walking.     U  th«  upper 
inioKnl,  tlie  flngen  •nd  anD?  pprfo 
Md  o«dlUtUi  when  a  g;l*on  action  Is  atlemptcd. 
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paired  power,  but  the  large  groups  of  muscles  can  not  be 
employed  in  rhythmical  succession.  The  patient  begins  to 
notice,  in  the  early  symptoms  of  this  condition,  a  sense  of 
distrust  in  himself  in  crossing  a  street  or  in  performing  any 
act  which  calls  for  sudden  and  positive  muscular  coordina- 
tion. Later  on,  walking  becomes  almost  impossible  if  the 
ataidc  symptoms  develop  rapidly,  and  the  patient  is  liable  to 
fall,  in  his  efforts  to  avoid  any  special  danger,  as  in  traveling 
the  streets. 

One  of  the  earliest  evidences  of  incoordination  of  movement 
usually  perceived  by  tabetic  patients  is  a  diJBculty  in  direct- 
ing their  feet  toward  any  object  of  small  size,  such  as  a  car- 
riage-step, stirrup,  etc.  A  difficulty  is  also  experienced  by 
many  in  ascending  long  flights  of  stairs,  as  the  equilibrium  is 
preserved  with  some  difficulty,  on  account  of  an  uncertainty 
in  placing  the  feet  upon  the  stairs.  Later  on  in  the  disease, 
the  feet  are  swung  in  a  circle,  in  conti-ast  to  the  straight  pro- 
gression of  the  normal  step,  since  the  equilibrium  is  thus 
more  easily  presented.  This  has  been  compared  to  the  swing- 
ing motion  of  the  tight-roi)e  performer.  The  sole  of  the  foot 
is  generally  brought  down  after  the  heel  strikes  the  ground, 
thus  often  giving  a  ilapping  sound  to  the  step.  The  jerking 
gait  of  well-marked  ataxia  could  never  be  mistaken  for  that 
of  i)ara]ysis. 

When  the  upi)er  extremities  are  affected,  the  motions  of 
the  hand  show  even  more  decided  evidences  of  incoordination. 
Such  patients,  when  asked  to  place  the  tip  of  their  finger 
upon  any  designated  spot  on  the  face  (provided  the  eyes  are 
first  closed,  in  order  to  prevent  the  use  of  vision  as  an  aid  to 
movement),  utterly  fail  to  perform  the  act,  often  touching  a 
Bpot  one  or  two  inches  from  that  upon  which  they  intended 
to  place  their  finger.  With  the  eyes  open,  a  glass  of  water  is 
carried  to  the  mouth  with  a  trembling  of  the  hand  and  partial 
spilling  of  its  contents  ;  and  the  finger  is  placed  upon  any 
point  designated  upon  the  face  by  being  suddenly  darted 
forward,  rather  than  by  a  deliberate  movement.  The  hand- 
writing is  markedly  altered,   especially  in  respect  to   the 


rounded  letters,  such  aa  d,  h,  o,  c.  z  ;  and  this  ia  even  more 
marked  when  writing  is  attempted  with  the  eyes  closed,  asii 
ia  then  almost  unintelligible. 

The  foniplex  movements  of  the  lingers,  refjuired  fnr  Ilif 
act  of  buttoning  or  unbuttoning  the  clothing,  and  in  plrkuy 
np  a  pin  from  the  floor,  are  performed  with  so  much  diffimllT 
that  they  afford  two  admirable  teats  for  this  disease,  provided 
the  upper  extremity  be  involved. 

Tabetic  patients  usually  walk  with  their  eyes  fixed  npoa 
the  feet,  as  vision  aids  them  materially  in  guiding  thw 
movements  of  progression ;  hence,  we  invariably  find  tluu 
closing  the  eyes  causes  a  marked  alteration  in  Ihe  ataxit 
manifestations,  oftentimes  causing  them  to  fall  when  reqaimi 
to  stand  motionless. 

It  must  be  remembered,  however,  as  was  brought  out  in 
the  lectures  upon  the  brain,"  that  certain  forms  of  intHKii- 
niat  diseases  tend  to  produce  the  same  symptoms,  so  thit 
ataxic  movements  are  only  confirmalorj-  of  a  sitinal  dlnuB 
which  has  jireviously  manifested  itself  by  well-marked  (en- 
sory  symjjtoms. 

There  are  two  other  ajTiiptoms  referable  to  the  sensory 
nerves  which  are  of  value  in  deciding  as  to  the  probable  ex- 
istence f)f  posterior  s])inal  sclerosis,  viz.,  a  retardalian  ffftf»- 
nation  and  dimhiisJied  rejtfz  movement. 

If  we  prick  the  skin  of  a  patient  suffering  from  this  type 
of  disease,  and  cfmnt  the  time  which  intervenes  botwmmdK 
time  of  the  puncture  and  the  time  when  the  patient  iiercWra* 
it  (provided  the  eyes  be  closed,  so  as  to  prevent  any  riswl 
recognition  of  the  pricking  of  the  part),  we  «ill  often  find 
that  an  inten'al,  ^■arying  from  ten  to  one  hundred  or  now 
seconds,  may  be  detected.  This  has  been  explained,  by  suiv 
posing  that  the  sclei-osis  has  created  such  pressure  npno  tbff 
sensory  nerve  filaments  as  to  partially  or  nearly  c*>inple»rfy 
destroy  the  axis  cylinders.  This  symptom  ia  invariably  fol- 
lowed sooner  fir  later  by  complete  anitsthesia,  and  by  ■ 
sense  of  numbness  which  extends  upward  from  the  fort, 
'  Seo  ptgM  04  and  <9. 
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since  it  is  usually  perceived  in  the  lower  extremity  rather 
than  in  the  upper.  * 

In  addition  to  the  sensory  manifestations  already  dis- 
cussed, this  disease  tends  to  extend  upward  along  the  cord 
until  the  optic  apparatus  becomes,  in  some  way,  markedly 
affected.  The  perception  of  color  is  often  rendered  obscure, 
or  entirely  lost  for  the  red  and  green  tints  ;  while  the  patient 
may  possess  a  normally  acute  perception  of  the  yellow  or 
blue  tints,  or  even  have  an  unnatural  acuteness  in  detecting 
delicate  shades  of  these  colors. 

In  some  instances,  ptosis,  diplopia,  and  a  marked  altera- 
tion in  the  reflex  movement  of  the  iris  to  varying  degrees  of 
light,  are  developed ;  and  these  may  prove  of  great  advantage 
to  yon  in  tending  to  confirm  the  possible  existence  of  this 
type  of  spinal  sclerosis. 

During  the  first  stage  of  the  disease,  when  the  fulgurating 
I)ains  are  present,  all  the  reflex  movements  which  seem  to  be 
controlled  either  entirely  or  in  part  by  the  spinal  cord  are  di- 
minished. As  examples  of  this  fact,  we  frequently  see  that 
the  pupils  are  either  smaller  than  normal,  or  irregular  as  re- 
gards their  size,  or  that  they  do  not  properly  respond  to  fine 
variations  in  the  intensity  of  light,  *  and  that  the  muscles  do 
not  respond  to  sensory  stimulation  of  the  skin.  If  the  knee 
be  semi-flexed  during  the  stage  of  fulgurating  pains,  or  even 
when  the  ataxic  symptoms  have  been  developed,  and  the  liga 
mentnm  patellae  be  struck  sharply  with  the  finger-end,  you 
win  notice  that  the  muscles  of  the  quadriceps  extensor  of  the 
thigh  fail  to  produce  any  responsive  movement  of  the  limb, 
since  the  reflex  action  of  the  spinal  cord  is  impaired.  This 
test  is  one  which  is  now  regarded  by  specialists  in  nervous 
diseases  as  one  of  great  value,  in  deciding  as  to  the  presence 
of  I)osterior  spinal  sclerosis,  and  it  is  known  as  the  "patella 
reflex''  test.' 

'  See  page. 148  of  this  volume. 

•  In  reference  to  the  diminution  of  the  different  reflexes,  much  has  already  been  men- 
tkmed  in  preceding  pages.  I  (juotc,  however,  a  summary  of  Professor  Seguin  upon  this 
pdnt,  as  a  general  resume, 

'*  We  test  the  so-called  patellar  reflex,  or  knee  reflex,  or  patellar  tendon  reflex,  in  the 
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Now,  it  must  be  evident  W  you  all,  that  the  symptoms 
which  hare  been  hastily  enumeRited  as  iudioating  a  iMion  in 

follonini:  ways:  the  pulicnt,  being  seated,  U  tulU  to  cross  otic  leg  orcr  ihe  odurlai 
tjnturol  matuier,  and  to  lei  the  muMleH  niUx ;  or,  scnted.  we  pUcc  our  \elt  tuod  uiiIb  ik 
popliteal  spacp,  tell  the  patient  not  to  help  as,  to  lot  the  Ic};  bant;  Utarr,  or.  is  p^ilu 
pai'tnoce,  'dead,'  and  ]i[I  tiic  whole  limb  so  that  the  foot  awin^  ■  voupls  of  k^ 
■bOTe  the  floor  ;  then  we  tap  the  sitin  orer  tbo  whole  of  ihc  rcgioD  from  the  intntiiii  d 
the  quadricBps  femorij  to  the  tuberouit;  of  the  tibia,  with  one  or  two  Bnpr  fi|n  aiiiilU 
u  in  percuuiinn.  The  plnce  whence  a  reflex  <|ua(lrii'epa  coDlrai-tii'n  is  ni-vt  ape  toon 
ia  about  inidwoy  between  the  lower  rn<l  of  the  patella  and  (he  tibial  prutuiiuun.  Tk 
tAps  should  be  gentle  at  flrst,  and,  if  these  fail,  harder  ones  an<  to  be  tried.  A  lU>< 
mode  of  procedure,  which  is  veiy  good  indeed,  is  to  seal  tha  patient  on  a  UiAt  m  thula 
legs  dangle  some  two  ov  three  incbea  beTomI  its  edge ;  then  ve  tap  the  jiatcllai  npsa  ■ 
above  described,  without  supporting  tlie  thigh  with  our  left  hand.  The  teat  waj  br  ad 
done  through  the  patient's  clothing,  yet  it  is  desirable;  espeeiallj  in  donbtfol  mam,  W  ^ 
the  bare  akin.  Another  inporlant  precaution  is  to  secure  the  ftbeolnte  retaialioa  (4  Ik 
patient's  muAclc.*,  nnd  to  divert  his  at-lention  fiom  what  jou  are  diNng.  Bna  wth  il 
precautions,  il  is  sometimes  next  to  impassible  to  eccurv  this  inilispcnaable  n 
laiatioD.  In  liie  healthy  subject  this  te«t  dcvcln|ui  a  oontroction  of  Itic  qoadrictpsa- 
tensor  fcmoris,  and  eau«e9  an  extension  o>  the  Ic^  or  ■  sudden  Jeric  In  ■  *aj  «rij 
■tage  of  posterior  spinal  sclerosis  no  contraclion  takes  plao 

"I  would  also  call  attention  to  tho  occMiottal  occurrciioe  of  reflex  nionmeBla (<  Ita 
tbigh,  produced  by  contraction  of  the  iliac  group  of  niuscles  during  the  knee  Icvt.  1  ton 
on  example  of  this  distant  reflet  action  In  a  tj-plcai  case  of  scicrnls  of  the  pet 
nmnt.  In  which  the  quadriceps  does  not  «ontr«et  at  all. 

"While  claiming  Tcry great  diai;iufstiornlue for  this  negative  sjinptnni.looi 
understood  as  attaching  pathognomonic  signiflcatiee  to  il,  as  we  all  know  ilai  il 
few  aeeminglj  healthy  individuals  in  whom  the  patellar  tendon  raflri  is  lackiac.  a>l  afca 
that  there  are  other  diseases  which  diriibii<h  or  aboliA  it.  indeed,  I  may  my  thM  I  n* 
ognixe  no  pathognomonic  symptom,  and,  even  in  attempts  to  push  Ula^TuwU  uaaeitmt 
delicacy,  would  urge  that  reliance  be  placed  on  the  groiipin:;  of  symploius,  nubtrdnaa 
any  one  of  the  Hgns,  however  constant  and  important  it  rosy  a[ipemr. 

"  Physiologically  analogous  to  this  condition  of  loss  of  tendinous  raB«in>  b  ibc  ttttff 
Blalo  of  the  mascles  in  the  afFccted  parts.    This  is  not  due  lo  any  p 
electrical  tests  show  us  marked  departure  from  the  normal  reactions,  but  lo  la 
of  what  physiologists  call  niascuiar  tonus — a  state  of  portial  c 
muscle^  which  is  kept  upby  the  ineviiabloand  continued  cicitatinu  of  lb*  a 
bj  air,  clothiB)-,  surrounding  objects,  etc.,  acting  in  n  rcBex  way  ihroogh  lb*  fimi  m 
It  has  been  recently  claimed  that  tlii"  I-om  of  muMrular  tonus  was  tbe  niau  in|MitHM  ta 
in  the  production  of  the  ataxic  movemeiKs  which  cbarsctcrixc  tbeseonid  noevuf  DmAh 

"The  vesical  and  rectal  reflexes  are  diminished  in  posterior  tpina.}  ml h     9) 

irregular  micturition  is  complained  nf  by  most  patients,  in  the  flnt  Mats'  •<*'  l>  <^' 
ond.    We  usually  mieturatc  wiiliout  usinp  much  volition,  but  the  tabetic  poUeM  la  aUl 
lo  strain  and  to  try  hard  to  pass  water.     Defecation  is,  like  micturition,  a  tMui  tatBK 
act,  and  in  the  latefirel  sta^e  ot  the  itisease  In  i|ucnion  oonntipatloa  bccBODa  ■■•  m1 
mora  marked,  and  that  through  loss  of  the  automatic  or  teflei  action  u(  tlic  n 
adjacent  muscles. 

"Tbe  iciual  net  is,  in  my  eipericnc?,  frc(]uent1y  impaired  and  KHaetinwa  a 
before  the  second  stML-e  sets  in.     The  acta  of  erection  and  emiaatott  ue  tnaallf  kn^< 
about  in  a  mflei  manner  by  irritation  of  the  shin  and  mucous  guimbrwie  of  lh«  fi  '  ' 
As  a  ivault  of  diminished  ^inal  tcflei  action  we  bate  ImperfM  « 
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the  i)08terior  colnmns  of  the  spmal  cord  have  sustained  the 
physiological  experiments  and  deductions  as  regards  the  prob- 
able function  of  these  parts.  We  have  found  that  sensation 
is  affected  in  various  ways  and  degrees ;  that  codrdination  of 
muscular  movement  is  interfered  with  in  the  advanced  stages 
of  the  destructive  process ;  and,  finally,  that  the  reflex  func- 
tion of  the  spinal  cord  is  impaired,  when  the  sensory  nerves 
become  incapable  of  properly  transmitting  their  impulses  to 
the  motor  cells  of  the  cord. 

Several  theories  have  been  advanced  to  explain  the  devel- 
opment of  ataxic  symptoms,  all  of  which  will  help  to  fix  some 
anatomical  point,  previously  mentioned,  forcibly  in  your  mem- 
ories.   These  theories  may  be  thus  enumerated : 

1.  That  the  destruction  of  the  commissural  fibers  which 
connect  the  different  segments  of  the  cord  causes  ataxia. 

2.  That  the  tonic  action^  which  is  claimed  to  be  normally  ex- 
erted by  the  spinal  cord  upon  the  muscular  tissues  of  the  body, 
is  imiMiired ;  hence,  a  certain  unnatural  relaxation  of  some  parts 
exists,  which  induces  irregularity  of  muscular  movements. 

3.  That  the  condition  of  anaesthesia,  which  is  probably  pres- 
ent in  the  muscular  tissues  as  well  as  in  the  skin,  destroys  the 
so-called  '^  muscular  sense  "/  hence,  the  patients  can  not  prop- 
erly guide  the  contractions  of  muscles. 

"SYSTEMATIC  LESIONS"  OF  THE  "KINESODIC  SYSTEM." 

As  has  been  stated  in  the  anatomical  description  of  the 
spinal  cord,  the  kinesodic  or  motor  regions  of  the  cord  include 

prematare  emisftion,  or,  what  is  more  common,  I  believe,  very  slow  production  of  the 
oq^asm,  and  impossibility  of  repetition  within  a  reasonable  time. 

**Some  writers  admit  abnormally  great  sexual  power  in  the  early  stage  of  tabes,  but  I 
not  sure  to  have  met  with  more  than  one  or  two  cases  in  which  this  seemed  to  be  the 
In  one  of  the  patients,  a  female,  I  became  convinced  that  her  extraordinary  ca- 
pacity for  sexual  intercourse  was  not  in  a  strict  sense  pathological  or  pre-tabetic,  but  had 
been  marked  in  one  shape  or  another  from  childhood. 

•*  It  seems  reasonable  at  the  present  time  to  advance  this  general  proposition :  that,  in 
posterior  spinal  sclerosis,  the  various  reflex  actions  performed  by  means  of  those  jwrtions 
of  the  eord  which  are  the  seat  of  sclerosis  are  diminished  or  lost ;  or,  to  put  it  in  another 
way  more  useful  for  practice,  it  may  be  said  that  the  limitations  of  loss  of  reflex  action  in 
iBllereiit  parts  of  the  body  accurately  indicate  the  limits  of  sclerosis  in  the  posterior  scn- 
•ocy  apparatus  in  the  spinal  axis." 
28 
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the  columns  of  Turck '  (called  also  the  "direct  pynunidil 
faaciciili  " ),  the  anterior  root  zones,  the  anterior  pnrtion  of  Uw 
lateral  columns,  and  the  posterior  portion  of  the  lateral  «il- 
umns  (called  also  the  "crossed  pymmidal  fasciculi'*).  JU 
indicated  in  the  table  of  diseases  of  the  spinal  eonl.'  s^enl 
distinct  and  separate  affections  of  these  component  iHUls  nujr 
exist,  each  of  which  presents  some  8ympt<^)ms  which  art  epe- 
daily  diagnostic. 

When  we  review  the  jioints  mentioned  as  to  the  fnnr- 
tions  ijf  the  kinesodic  system,  we  should  expect  to  tind  thai 
any  lesion  confined  to  the  regions  designated  above  would  be 
manifested  by  disturbances  in  the  motor  functions  at  the  body 
and  by  certain  *'  trophic  changes  "/  while  we  would  also  ex- 
pect to  find  an  absence  of  any  disturbance  in  the  sensory  n«T« 
or  in  tie  cooi-dination  of  movement.  This  is  fully  c<»afimi«i 
by  clinical  experience.  In  all  lesions  of  the  kinesiKlic  systetn. 
we  are  apt  to  meet  either  muscular  spasm,  muscular  atrupbr, 
or  motor  paresis,  or  paralysis  ;  but  we  ai-e  never  confronl^id 
with  fidgurating  pains,  numbness,  or  aniesthesiiL,  pwrided 
the  posterior  columns  (the  lesthesodio  system)  be  not  smulia- 
neously  involved.  In  onler  to  appreciate  the  point.s  of  diwr- 
nosis  of  tlie  different  forms  of  systematic  lesions  which  may 
affect  tile  anterior  half  of  the  cord,  it  will  lie  necessarj"  to  dis- 
cuss, in  a  general  way,  the  special  sjTuptoms  of  each. 

SCLEROSIS   OF   TUB   COLIMSS   OF  tCrCK. 

The  columns  of  Tiirck  ("  the  direct  pyramidal  fasclciiU"l 
are  affected  with  sclerosis,  either  separately  and  alone,  nr  b 
connection  with  similar  changes  in  the  postero-latfral  rolaww 
("the  crtflwed  pjTamidal  fasciculi").  What  ila  pntdnrisff 
causes  are  is,  as  yet,  not  thoroughly  understttod.  We  aiinfJi' 
know,  from  pathological  investigation,  tliat  sclerosis  of  ths 

'  S«e  pago  aflS  of  this  volumo, 

'  TQrck  tahy  bi!  juMly  miiBtdi-ivil  »  the  ptonecr  in  the  inrestipiiMi  *4  tmtmi** 
ipinal  IctiaHi.  slaec,  aa  carl;  ns  l^KI,  Vie  reco^iicd  (dcraaU  i>(  ilw  DoMrcotMHi«f  ** 
eonl  Bi)4  ihc  cnMsni  effect  ot  brnln  Ipeloni  upon  the  motor  ealumna.  Jladi  ntotk  i» 
March  hai  tiaoc  been  perTotmcil  Ijj  Vulpian,  Doudimrd,  FIccbilg,  Spgala,  CkMM,  ^i 
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two  portions  of  the  kinesodic  system  mentioned  is  liable  to 
occur  simnltaneonsly,  nithoagh  they  may  be  individually 
affected.  We  also  know  that  disease  of  the  motor  tract  of 
the  cms,  above  the  decussation  of  the  motor  neires  in  the  me- 
dulla, as  well  as  lesions  in  the  nucleus  caudatus,  the  intemal 
capsule,  the  lobulus  para-centralis,  and  the  motor  regions  of 
the  cortex,  often  causes  what  is  termed  "  secondary  degenera- 
tion ' '  throughout  the  motor  tract  of 
the  spinal  cord  for  its  entire  length  ; 
hence,  this  condition  of  the  motor 
columns  may  be  the  late  result  of 
some  preceding  brain  lesion,  and  is 
often  confined  to  one  lateral  half  of 
the  cord  (most  commonly  on  the  half 
opposite  to  the  seat  of  the  exciting 
lesion  in  the  brain).  The  accompa- 
nying diagram,  which  illustrates 
the  course  of  the  libers  in  the  me- 
dulla oblongata,  will  explain  why 
the  symptoms  produced^  by  de- 
scending degeneration  of  the  motor 
columns  of  the  coi-d  are  not  always 
present  uxKtn  the  opposite  side  of 
the  body  to  that  of  the  brain  lesion 
which  produced  it,  since  it  shows 
that  some  of  the  fibers  of  the  cord  *"'"  j^ 
do  not  decussate. 

This  diagram  shows  that  the 
fibers  of  the  medulla  decussate  be- 
fore entering  the  spinal  cord,  for 
the  most  part,'  but  tliat  a  certain 
proportion  of  the  fibers  pass  in  a 
direct  line  from  the  encephalon  to 
the  cord.  Tlie  figures  {shown  at 
the  bottom  of  the  diagram)  indicate  the  relative  proportion 

'  Sludi  of  our  present  knowledge  upon  Ihi?  point  is  due  lo  Ihe  rcscarelic^  of  Fiithfig  in 
186T,  Mid  to  tbo«a  of  BouduTd  in  1866,  made  in  oonncction  with  Vulpian  and  Charcot. 


the  mfdulta  obloiiffala.  (After 
Flecheig  ■»]  Scgiiin.) 
P.  V,,  pons  Vorolii ;  JI.  0.,  medulla 
oblong»(« ;  O,  olivary  bodr ; 
A.  P.,  anterior  pyMinid ;  D,  dc- 
im!i.'<ntii,n ;  B.  (.'.,  iipinnl  eord. 
Tho  direct  am)  cimnmiI  bur- 
dies  Tarv  vetj  mueli  in  fin.;  nx 
shown  in  tht>  following  mlioi<  of 
crossed  and  din.'Ct ;  (UMl  :  (U), 
(9-i  :»),  (84  :  16),  (70  :  IHi', 
(n2H8),(30:6n),n->:'.'fi). 
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between  the  direct  and  the  decussating  fibers,  which  hvn 
been  found  in  different  instances.  Now,  as  this  "secoadaij' 
degeneration"  (caused  by  lesions  of  the  encephalon)  follows 
the  individual  nerve  fibers,  the  effects  would  be  raanifesled, 
for  the  most  part,  upon  tlie  opposite  side  of  the  body,  staw 
most  of  the  fibers  decussate  ;  but  some  nerve  fibers,  which  do 
not  decussate,  would  be  impaired  on  the  same  side  a/  the  spi- 
nal cord  as  the  existing  brain  lesion.  Thus  we  are  enaMed  lo 
explain  spinal  symptoms  on  both  sides  of  the  body,  when 
preceded  by  a  cei-ebral  lesion ;  although  the  spinal  manifes- 
tations are  usually  detected  on  the  side  opposite  to  the  excit- 
ing cause.  The  varying  proportion  of  these  direct  fibers  lo 
those  which  decussate  will  explain  why  this  secondary  de^o- 
eration  may  be  followed  by  symptoms  confined  entirely  to 
one  side  of  the  body,  or,  again,  affecting  both  sides. 

You  are  probably  wondering  how  it  is  possible  to  Idi 
when  this  slowly  progressing  degeneration  of  the  columiw  ol 
Turck,  or  of  the  postero-lateral  columns,"  is  present,  ^\'he1! 
an  attack  of  hemiplegia  has  occurred,  you  have  probat^v 
been  able  to  decide  early  whether  it  is  of  cerebral  ur  spbal 
origin  ;  since,  if  cerebral,  it  will  probably  affet^t  the  side  ii( 
the  body  opposite  to  the  seat  of  the  lesion  within  the  brain. 
and  other  points  in  the  history  will  pi-obubly  confirm  this  as 
the  exciting  cause.  Some  time  after  the  attack  of  hemiplegia. 
however,  you  will  notice  that  the  paralyzed  muscles  ore  be- 
coming more  or  less  rigid,  and  that  a  state  of  conirativrt '» 
developing.  Now,  it  is  this  point  in  the  case  that  shuotd  In- 
dicate to  your  minds  the  fact  that  a  progressive  descendim 
degeneration  of  the  spinal  cord  is  taking  place:,  and.  you  faa 
safely  expect  to  find  sclerosis  of  the  anterior  and  postcro-Iai- 
eml  columns  at  the  autopsy. 

In  some  cases  the  contracture  of  paralyzed  miiwles,  aft« 
an  attack  of  hemiplegia,  is  accompanied  by  an  atrophy  of  the 
jiaralyzed  and  rigid  muscles ;  so  that  their  volume  become! 
much  more  extensively  impaired  than  would  ensne  from  ain- 
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pie  disuse.  In  this  event,  yon  may  be  justified  in  suspecting 
that  the  anterior  horns  of  the  gray  matter  of  the  spinal  cord 
are  becoming  diseased,  a  condition  to  which  the  term  '^  polio- 
myelitis,'' or  **  myelitis  of  the  anterior  horns,"  may  be  found 
applied  in  treatises  upon  nervous  diseases.  This  will  be  con- 
sidered in  detail  in  a  subsequent  lecture. 

SCLEROSIS  OF  THE   LATERAL  COLUMNS   ("  TETANOID   PARAPLEGIA  " — 

*^  SPASMODIC  tabes"). 

The  lateral  columns  (including  the  whole  of  the  mass  of 
white  substance  found  at  the  sides  of  the  spinal  cord)  may  be 
diseased,  either  as  a  primary  lesion,  following  cold,  damp- 
ness, over-exertion,  and  syphilis,  or  as  a  part  of  a  secondary 
morbid  process  (chiefly  in  connection  with  polio-myelitis). 
In  1875  the  name  of  ''spastic  spinal  paralysis"  was  applied 
to  this  condition  by  Erb,  *  and  in  1876  Charcot '  described  it 
under  the  head  of  '^  spasmodic  tabes."  You  will;  therefore, 
find  it  described  under  both  of  these  names,  although  I  prefer 
the  name,  applied  to  it  by  my  friend  Professor  Seguin,  ' '  teta- 
noid paralysis  or  paraplegia,"  since  to  the  common  mind  it 
best  conveys  the  idea  of  its  symptomatology. 

As  this  lesion  is  often  combined  with  myelitis  of  the  ante- 
rior horns  of  gray  matter,  as  mentioned  above,  and  since  such 
degeneration  of  the  anterior  horns  is  apt  to  affect  the  ''  trophic 
function''  of  the  cord,  Charcot  has  applied  to  this  complex 
systematic  affection  of  the  cord  the  term  *'  amyotrophic  lateral 
sclerosis."  A  x)^nliarity  of  sclerosis  of  the  lateral  columns 
of  the  cord,  whether  complicated  with  disease  of  the  anterior 
horns  or  not,  is  that  bot7i  sides  of  the  spinal  cord  are  nearly 
always  involved  at  the  same  time  ;  hence,  the  occurrence  of 
paraplegia  is  more  strongly  diagnostic  of  this  affection,  pro- 
vided other  symptoms  of  value  exist,  than  if  hemiplegia  be 
present.  I  shall  use  the  term  ''tetanoid  paraplegia,"  there- 
fore, in  preference  to  the  other  names  suggested  by  the  au- 
thors quoted,  in  describing  the  symptoms  which  are  diag- 
nostic of  this  affection. 

'  Op,  cU.  «  Op,  cit 
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When  the  sclerosis  of  the  lateral  columns  affects  the  (vrti- 
cul  enlargement  of  the  spinal  cord  (where  the  nenes  to  tbe 
upper  extremities  are  given  off),  the  sj-mptoms  appear  first  in 
the  hands.  The  affected  parts  have  a  peculiar  sense  of  fiinni- 
cation,  like  the  creeping  of  ants  over  the  part.  They  nndei^t 
rapid  atrophy  (if  the  anterior  horns  are  affected '),  canfUft 
the  liands  to  become  l>ony  fiom  disappeamnce  of  the  inter- 
ossei  muscles,  and  the  parts  become  simnltaneounly  luuu- 
lyzed.  Soon  a  conti-acture  of  the  paralyzed  muscles  dereloin. 
producing  the  so-called  "cLiw-hand  deformity/*  The  loirer 
limbs  become  at  first  paretic,  but  gradually  develop  a  pom- 
lyzed  and  contractured  condition  ;  although  the  coDCmrtarpd 
state  of  the  muscles  is  very  much  more  ajiparent  when  t!w 
patient. stands  and  attempts  to  walk  than  when  Ijing  in  bed, 
since  the  rigidity  almost  disappears  when  in  the  recumbeiii 
position.  If  the  lesion  extend  upward  to  the  region  of  tlie 
motor  bulbai'  nerves,  the  symptoms  of  glosso-labii>-larynf^ 
paralysis '  may  be  develoi>ed,  iu  addition  to  the  other  symp- 
toms desciibed.  The  muscles  of  the  legs  do  not  gene-raDy 
waste,  and  the  bladder  and  rectum  are  not,  as  a  rule,  !*»- 
lyzed.  No  evidences  of  anjesthesia  can  be  usually  discorered 
in  the  regions  affected. 

In  tetanoid  paraplegia,  there  is  a  marked  iitereaM  In  ll» 
rt;flex  excUnhility  of  the  affected  parts.  It  is  to  this  inrreasp 
in  all  the  reflex  movements  that  the  peculiar  gait  of  this  class 
of  patients  may  be  attributed.  Thus,  the  inci-eased  acUoo  of 
the  adductor  muscles  tends  to  make  the  legs  almoi^t  rniss  mA 
other  in  walking ; '  the  excessive  action  of  tile  musol««  of  thn 
calf  raises  the  heel,  and  the  legs  move  «ith  a  8tiffn»»ss  whrh 
makes  a  contrast  with  the  normal  act  of  walkiTig.  In  the  last 
stages  of  this  affection,  when  the  patient  Incomes  bedriddn. 

'  A  complex  mwdilion,  termed  by  Chnreol  "  ftmyotrophip  lalcnl  wlpmriji"  TWf» 
licnl  at  Orst  irallu  with  a  vuic,  then  villi  vrutches,  and  later  on  rrqulixt  aa  attawbnd. 

•  Tlic  .•jnipioma  of  Uii«  affection  (Duchcane'fl  diacnic)  ha»p  btvn  girc*  In  dnaO  to 
conncrtioD  with  Ifao  hypo-glossal  ncrrv.    Tlic  reader  is  nhmA  to  page  nt  aflU) 

*  Whm  botU  the  latrir  limbs  ore  Jiffocted  br  IruoQB  of  Ibc  Uleral  calnHHil  At 
cord.  tb«  1l'f>  frc<(iioiitlj  become  iolerlockcd  at  every  altviutH  to  vtlk. 
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the  increased  reflex  excitability  causes  the  legs  to  become 
semi-flexed  and  adducted,  and  the  muscles  are  sensibly  hai'd- 
ened.  It  is  a  clinical  point  of  some  value  that  the  muscles 
affected  with  tetanoid  paraplegia  retain  their  normal  size,  nu- 
trition, and  electrical  reactions  (provided  that  the  anterior 
horns  are  not  diseased).  This  condition  is  quite  commonly 
met  with  in  children  ; '  and  the  little  sufferers  can  not  often 
stand  or  walk,  from  the  spasmodic  action  of  the  muscles  of  the 
legs.  In  adults,  as  a  further  evidence  of  the  increased  reflex 
excitability  of  parts,  the  act  of  passing  the  urine  or  fffices  be- 
comes one  which  requii'es  the  patient  to  hurry  with  all  possible 
speed,  in  order  to  avoid  a  sudden  and  involuntary  evacuation. 
Now,  the  absence  of  anaesthesia,  of  numbness,  and  of  ful- 
gurating pains,  will  easily  assist  you  to  diagnose  between  a 
case  of  disease  of  the  posterior  columns  and  that  of  the  lat- 
eral columns  of  the  cord,  although  the  peculiarity  of  gait 
may  for  a  while  confuse  you.  The  increase  in  the  "patellar 
reflex  "  *  and  the  actual  loss  of  power  of  individual  muscles 
will  also  assist  you  in  the  diagnosis ;  while  in  tetanoid  para- 
plegia the  muscles  are  stiffened,  especially  when  standing  or 
walking,  sensations  are  not  delayed,  and  coordination  of 
movement  is  normally  performed. 

MYELITIS   OF    THE    ANTERIOR    HORXS    ("ATROPHIC   SPINAL 

PARALYSIS  "). 

As  sho\vn  in  the  table '  of  diseases  w  hich  may  affect  the 
kinesodic  system  of  the  spinal  cord,  the  anterior  horns  of  gray 
matter  may  be  the  seat  of  degeneration.  As  in  all  other  le- 
sions of  the  motor  tract  of  the  cord,  the  symptoms  of  this 
affection  are  confined  to  motor  phenomena,  and  characterized 
by  the  absence  of  sensory  effects  (anaesthesia,  numbness, 
etc.) ;  but,  in  addition  to  the  motor  i)henomena,  certain  tro- 

'  These  children  are  often  microcephalic  or  idiotic ;  hence  the  symptomB  may  be  due 
to  an  incomplete  development  of  the  motor  tract  of  the  spinal  cord.  It  is  stated  by  Se- 
guin  that  cii'cumcision  can  not  be  considered  as  a  curative  measure  in  all  cases,  since 
Jewish  children,  circumcised  at  birth,  have  been  frequently  seen  by  him  witu  typical  evi- 
dences of  this  disease. 

*  See  page  323  of  this  volume.  '  See  page  315  of  this  volume. 


phic  vJtanyes  become  prominently  developed,  whicli  are  of 
special  value  to  the  diagnostician. 

In  this  lesion  we  find,  after  death  has  occurred,  thai  the 
motor  cells  of  the  cord  have  undergone  atrophy  (doe,  prob. 
ably,  to  an  acute  inflammatory  degeneration  assorist*^  with 
pigmentation  of  the  parts),  and  that  the  anterior  roots  of  Il» 
spinal  neiTcs  have  likewise  undergone  a  fatty  metanior]>tiaais. 
The  condition  may  be  of  three  distinct  tyjies,  whicli  are  railed 
the  acute,  aub-acute,  and  chronic  varieties,  and  each  preaenta 
certiiin  characteristic  symptoms.  Tlie  term  '^polio-m^flt'tis" 
is  frequently  used  as  a  synonym  for  this  change  in  the  aole- 
rior  horns. 

The  acute  form  is  manifested  by  the  jiresenoe  of  a  ferw, 
either  of  the  continued  or  remittent  type,  which  is  nsually  a<v 
companied  by  pains  and  a  sense  of  numbness  in  ibi^  Umlis. 
As  the  fever  subsides,  usually  in  the  course  of  several  day», 
an  extensive  paralysis  is  suddenly  developed.  Tliis  paralyaa 
may  affect  both  arms  and  both  legs,  the  legs  alone,  or,  pos- 
sibly,  only  one  of  the  four  extremities  ;  it  may  ocoaaioiiall;  be 
a  hemiplegia,  if  one  side  of  the  cord  is  alone  involved.  In  a 
longer  or  shorter  space  of  time,  this  paralysis  gradaally  dimin- 
ishes ;  the  bladder  and  rectum  remain  unimpaired  throogbont 
the  attack  of  paralysis ;  no  anaesthesia  or  numbness  ran  be 
detected  in  tlie  paralyzed  parts  ;  and  there  is  no  tendency  to 
the  develoj^ment  of  bed-stu-es.  If  you  tt-st  the  paralysed 
limbs  for  retiex  movements,  you  will  usually  find  them  totally 
abolished.'  If  you  apply  the  faradic  cun-ent,  the  mnsdeft 
will  fail  to  respond ;  but,  when  the  constant  current  is  nsed, 
you  wiU  notice  a  slow  contraction,  and  certain  varintions  in 
the  usual  formulas  of  galvanic  reaction  will  stamp  the  coDdi> 
Hon  as  one  ot  degeneration.'    Wliat  these  forraulte  are  ma  be 


'  This  is  Dot  alH'ftjs  the  case,  ns  thu  roBci  moveiDcats  «re  or(«niliiM«  ctJ; 
in  frequency  tad  tarce. 

*  "  Il«inartiab1f  di^llact  eritlmces  of  the  ilc^encntivG  renctlnn  to  clfctririir  Mr  (k 
lalnnl  rrom  thi-  levond  to  tbe  tenlli  wpck.  Tbc  nerre  tninks  nupplftng:  llw  |«iah«4 
nnuculiir  groupi  low  Iheir  (^icitHblllty  to  farodiim  uid  gnlrtninn,  and  ihM*  vuikf 
iiiuhIck  rrai-1  onW  to  ^Uuniam,  and  Iheir  reaction  formula  i»  allcml  Irrm  iIm  aarMil: 
in  genrnl  t«nn»,  *rc  ni><r  sn.T  that  An  c  c  =  Ka  c  c,  or  ev?n  An  c  c>  Ka  c  r;  aftd  all  M» 
tndiinit  are  nlow  uid  varo-liltc."     (E.  C.  Scguln,  "  Med.  ItMonl,"  I8T(.> 


easily  found  in  any  of  the  special  treatises  on  tbe  treatment 
and  diagnosis  of  nervous  affections.  Now,  in  this  tyj>e  of 
myelitis,  you  will  not  have  to  wait  long  to  decide  as  to  its 
character.  In  a  few  days  or  weeks  the  muscles  of  the  para- 
lyzed limbs  will  show  a  rapid  wasting,  since  the  muscles  are 
undeigoing  atrophy ;  and  tliis  wasting  is  markedly  progres- 
sive, since  the  change  in  the  muscles  continues  tn  extend  until 
a  most  characteristic  and  permanent  deformity  results,  pro- 
rided  that  i-ecovery  does  not  occur. 

Tills  condition  of  the  cord  is  frequently  associated  with 

derosis  of  the  lateral  colunms  ;  hence,  it  is  not  infrequent  to 

J)8er\"e  a  state  of  contraction  in  the  paralyzed  muscles,  which 

ists  in  a  varying  degree,  until  the  atrophy  uf  the  contractured 

muscles  destroys  their  power  of  producing  deformity.     These 

contractions  are  not  inevitably  peiinanent,  if  present  in  the 


—Alrnp/,if  fjiina/jKiriili/ti',  irilh  conlrati'irr.     (Uaraniond.) 


early  stages  of  the  disease,  as  they  may  totally  disapjwar  in 
exceptional  cases;  but  they  nsually  return  with  increased 
deformity  as  the  disease  jtrogresses. 

In  those  cases  of  so-called  "infantile  spinal  paralysis," and 
in  similar  cases  affecting  the  adult,  a  non-/ebriU  tariety  of 
this  affection  may  be  met  with,  where  the  disease  begins  with 
no  initial  symptoms,  but  where  the  paralysis  and  all  subse- 
quent symptoms  mentioned  above  are  developed  suddenly. 
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The  cliTontc  form,  of  myelitis  of  the  anterior  horns  is  sd- 
dom  to  be  diagnosed  from  progressive  muscular  atrophy,  Ii 
is  claimed  that  the  severe  neurdlgid  paiiui  which  accompany 
the  wasting  pi-ocess  of  the  former  are  dia^ostic  between  the 
two  aflfections,  and  that  the  degeneration  of  the  affected  pans 
does  not  assume  t\iG  fibrillary  ox/ascicidar  character  of  true 
progressive  atrophy,  dependent  upon  changes  confined  to  the 
ganglion  cells  of  the  spinal  cord,  but  the  distinction  is,  in  my 
experience,  a  diflRcult  one. 

The  condition  of  polio  myelitis  tends,  as  a  role,  to  progns 
upward  along  the  spinal  cord,  and  thus  often  reaches  the  nw- 
dulla  oblongata.  The  8j"mptoms  which  are  then  produced  in- 
clude those  of  paralysis  and  atrophy  of  the  tongue,  difflcull 
deglutition,  impairment  of  speech,  and  a  nasal  qualify  of  tlit> 
voice,  due  to  the  paralysis  of  the  soft  jjalate.  The  exptesaioii 
of  the  face  Is  greatly  altered  by  paralysis  of  the  orhicobris 
oris  muscle,  which  creates  an  apparent  inorea,se  in  the  wiiitli 
of  the  mouth  ;  and,  after  laughing  or  weeping,  the  uumlh  re- 
mains open  for  an  unusual  period,  and  thus  favors  the  escape 
of  saliva. 

PK0GRE88IVE     MUSCCLAK    ATROPIfT    (DEnESEBATIOIf    OP    THK  OAS- 
fiUON   CELLS   OF    TUE   AKTEBIOR   nOKXS). 

Degeneration  of  the  ganglion  cells  of  the  aniericir  horns  ot 
the  cord  is  pathologically  distinguished  from  the  condition  jnjt 
described,  since  the  results  of  the  former  were  ot  an  inflaa- 
niatory  character,  while  the  latter  is  a  purely  d^renonitivv 
process  of  primary  origin.  The  former  was  rapid  in  its  effects ; 
this  disease  is  slow,  since  the  ganglion  cells  undf  r^jjo  motecobr 
disintegration.  We  may  expect  to  find,  at  the  aiitopnjr  ot 
such  a  case,  the  cells  changed  into  a  granular  condition,  ukd 
more  or  less  destroyed  ;  while,  in  extreme  cases,  the  anienor 
horns  of  gray  matter  of  the  affected  part  may  lie  utterly 
destitute  of  these  cells. 

It  is  this  jtathological  change  that  creates  the  tmitl  of 
symptoms  called  ' '  progressive  muscular  atrophy."  The  mas- 
cles,  supplied  by  nerves  connected  with  the  seat  ol  deigtmer* 
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ation,  begin  to  show  a  slowly  developing  atrophy  of  certain 
fibers  or  bimdlea,  while  other  parts  of  the  muscle  may  ap- 
pear perfectly  normal ;  thns  it  may  take  months  for  an  entire 
muscle  to  become  completely  wasted, 
the    muscle   showing  during  its    con- 
traction the   gradual  ati-ophy  of    cer- 
^pin  parts.     This  disease  seems  to  exist 
Puost  commonly  in  the  muscles  of  the 
hand,  thighs,  and  chest,  and  a  sjiiime- 
try'  in  its  development  is  a  chaiucter- 
dc  feature.     It  is  seldom  associated 
,th  any  sensory  sjTnptoms.     In  the 
t  cases  will  yon  be  able  to  detect 
existence  of  pain  : '  and  symptoms 
anffisthesia  are  wholly  absent,     An- 
;her  point  which   will  assi.st  you  in 
ignosis  is  the  absence  of  paralysis ; 
■though  the  affected  muscles  may  show 
*fL  loss  of  i>ower  in  proportion  to  the  ac- 
tnal  destniction  of  muscular  tissue.     If 
you  apply  the  faradic    current  to  the 
tfected  muscles,  you  will  tind  that  they 
spond   to  its  influence  in  exact  jiro- 
irtion  to  the  extent  of  the  degeiiera- 
ton,  so    chat  the  unaffected  fasciculi 
ill  be  thrown  into  contraction.     This 
i  in  marked  contrast  to  the  effect  of 
lie  faradic  current  u])on  the  muscles  in 
ie  case  of  myelitis  of    the    anterior 
Dms,  where  the  muscles  faCed  to  re- 
ond  in  their  entirety,  even  before  they  showed  any  evidence 
atrophy. 
The  muscles  which  are  undergoing  the  early  changes  of 

'  Tlie  fttroiihy  affects  parts  which  arc  nol  onlj'  tiimnutrieol,  but  hnmaliffoi''.  It  is 
unuD  til  Bi*  both  shoulders  siumltnncouslj'  atroiililed,  or  the  Brius  and  thighs,  oi'  the 
»rn«  and  the  legs. 

*  HomiDODd  stales  tlialpniH  ii  pireeiiial  a/ley  atrtioii,  but  ho  attributed  It  lomusculnr 
gne  i-aihce  than  to  ccairnl  a 


FiQ.  134,— /■(■oprnni'T  mm- 
™'.rr  atrojAv  of  Ufpt.- 
nlreinUj/.    (Uoiuiiioud.) 


tions  of  fasciculi  of  fibers  in  a  miiscle.  Sometimes  a  pattent 
is  covered  witli  them.  Sonip  years  ago,  these  fibrillar}-  coD- 
tnu^^tions  were  held  to  be  pathognomonic,  but  I  ran  asmir 
you  that  this  is  not  so,  as  they  may  be  obsen-ed  in  lead  palsr. 

'  These  pwullnr  twitchingis  fj(TF  Ihc  ippc&nuicc  nf  soraething  rUfrc  tiHiie  ililfcl— 'fc 
the  akin.  nainiTHiDil  Hale*  that  "  they  can  aIwbjb  be  exciicd  bj  ■  imart  t«tt  nf  iW  !•• 
ger  upon  the  Biropblcd  muscle." 
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in  conditions  of  neurasthenia,  and  in  simple  paralysis.  In- 
deed, many  years  ago  Professor  Schiflf,  now  of  Geneva,  showed 
that  muscles  separated  from  their  motor  nerves  were  prone  to 
show  fibrillary  contractions. 

The  ball  of  the  thumb  is  often  the  starting-point  of  this 
disease.  For  some  reason,  the  muscles  of  the  foot  are  not  af- 
fected in  the  same  proportion  in  those  cases  where  the  lower 
extremity  is  involved  as  the  hand  is  in  cases  affecting  the 
upper  extr^nity.  In  some  instances,  every  muscle  in  a  region 
but  one  may  be  atrophied,  and  that  one  seem  to  remain  per- 
fectly normal.  If  you  use  a  surface  thermometer,  you  will 
generally  detect  a  fall  of  temperature  over  the  affected  mus- 
cles.' When  the  respiratory  muscles  become  involved,  death 
may  be  produced  from  imperfect  performance  of  that  func- 
tion. The  disease  seems  to  affect  males  rather  than  females, 
and  to  be  most  frequent  during  middle  life.  It  is  sometimes 
associated  with  a  congenital  predisposition.' 

The  muscles  of  the  thigh  are  frequently  affected  with 
atrophy,  following  degeneration  of  the  ganglion  cells  of  the 
anterior  horns  of  the  spinal  gray  matter.  This  causes  not 
only  a  very  marked  deformity  (since  the  calf  may  even  ex- 
ceed the  thigh  in  its  circumference),  but  a  peculiarity  of  gait 
is  thus  produced  which  differs  from  those  described  in  con- 
nection with  locomotor  ataxia,  tetanoid  i)araplegia,  and 
paresis. 

If  the  extensor  muscles,  which  are  situated  upon  its  an- 
terior portion,  are  atrophied,  the  foot  can  not  be  carried  for- 
ward in  the  normal  manner,  if  at  all ;  while  the  leg  and  foot 
can  not  be  raised,  if  the  flexor  muscles  of  the  knee  joint  be 
impaired  by  an  atrophy  confined  to  the  posterior  asi)ect  of 
the  thigh,  thus  compelling  the  psoas  and  iliacus  muscles  to 
lift  the  weight  of  the  entire  upper  extremity  by  using  the 
pelvis  as  a  fixed  point. 

'  nammond  reports  this  fall  in  temperature  as  often  reaching  five  decrees  below  the 
normal  standard. 

•  See  the  careful  investigations  made  by  Hammond,  and  reported  by  him  in  his  excel- 
lent work,  "  A  Treatise  on  the  Diseases  of  the  Nervous  System."  Now  York :  D.  Apple- 
ton  k  Co.,  1876. 
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Distortions  of  the  affeetetl  members  often  ai^company  the 
condition  of  progressive  niuscnlar  atrophy.  These  are  bi  be 
accounted  for  by  the  fact  tliat  a  simultaneons  impairment  of 
all  the  muscles  seldom  occure,  and  those  antagonistic  to  the 
ones  affected  tend  to  produce  an  aljnoraiality  of  attitude  id 
the  part  upon  which  they  both  acted  in  health. 

CEXTtl.VL  JfYELITlS. 

Among  the  diseases  of  the  kinesodic  system  may  l>e  nwoi- 
tioned  the  condition  known  as  "central  myelitis.*"  In  this 
affection,  the  gray  matter  of  the  cord  is  the  seat  of  a  chronic 
type  of  inflammation  in  its  central  portion ;  hence,  !t  Btsy 
involve  either  the  kinesodic  or  the  lesthesodic  8ysti>m.  Tbe 
inflammatory  process  may  extend  to  the  anterior  hi>ms,  «r 
may  create  cijmpression  of  the  cord,  in  almost  any  portiou.  bv 
the  exudation  which  results.  The  symptoms  of  this  <Usw# 
must,  therefore,  of  necessity,  vary  with  the  seat  of  the  patbo- 
logical  changes,  and,  in  some  cases,  be  very  obscure  and  ap{n- 
rently  confusing  to  the  diagnostician.  We  may  have  the  man- 
ifestations confined,  for  a  time,  to  the  sensory  nerves,  posslbtf 
accompanied  by  pain,  numbness,  aniesthesia,  formJcatJon,  rtt 
Gradually  certain  manifestations  will  appear  in  the  moior 
nerves,  and  paralysis  of  certain  muscles  and  possible  aln>)>by 
may  be  developed.  The  reflex  action  may  be  inrreaaed  in 
some  parts  and  diminished  in  others,  acconling  to  the  portioR 
of  the  gray  matter  involved ;  bed-sores  and  paralysis  of  ib* 
bladder  and  rectum  may  be  present  in  some  cases,  and  abami 
in  others ;  the  legs  may  be  anresthetic.  and  at  the  Ktme  dm? 
paralyzed  ;  so  may  the  arms,  without  the  legs,  or  iKilh  may  be 
thus  affected  ;  certain  parts  may  have  the  tetanoid  cuntlititw 
described  in  a  previous  portion  of  this  iecturv  ;  and.  in  fart, 
every  known  combination  of  sensory  and  motor  sjTnptoBU 
may  be  present,  complicated  or  uncomplicated  by  ih«*  en- 
dences  of  muscular  rigidity.  You  can  thus  imderelaiid  thai 
the  diseasp  is  seldom  recognized  in  its  early  stage,  an<l,  as  it 
often  takes  years  to  reach  a  full  development,  an  nbiinilsiii 
opportunity  will  generally  l)e  aiforded  you  for  a  careful  tad 
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close  analysis  of  the  symptoms  which  are  successively  brought 
to  your  notice.  * 


'•NON-SYSTEMATIC"    OR    "FOOAL   LESIONS"    OF   THE    SPINAL 

CORD. 

We  have  now  considered,  in  this  course  of  lectures  upon 
the  spinal  cord,  those  lesions  which  are  called  "systematic," 
since  they  tend  to  extend  upward  or  downward  in  the  same 
column  of  the  cord  without  spreading  laterally ;  and  it  now 
remains .  for  us  to  review  such  points  as  pertain  to  those  focal 
or  non-svstematic  lesions  which  have  been  enumerated  in  the 
table  of  diseases  of  the  spinal  cord.  It  is  often  possible  and 
of  great  practical  importance  to  the  diagnostician  to  tell  in 
what  region  of  the  cord  the  lesion  is  situated,  and  to  estimate 
the  height  to  which  it  has  progressed.  Of  couree,  this  is 
much  easier  in  focal  lesions  than  in  the  systematic,  since  the 
different  columns  of  the  cord  can  then  simultaneously  fur- 
nish symptoms  which  can  be  compared,  and  thus  aid  in  the 
diagnosis.  If  you  ^ill  look  again  at  the  table,*  to  which  I 
some  time  ago  directed  your  attention,  you  will  perceive  that 
the  focal  lesions  include  traumatisms  (of  all  forms) ;  compres- 
sion of  the  cord  (chiefly  by  bone  and  tumors) ;  transverse  scle- 
rosis of  the  cord ;  transverse  softening  of  the  cord ;  haemor- 
rhage into  the  substance  of  the  cord;  and,  finally,  certain 
tumors  which  involve  the  cord  itself.  There  are  many  other 
causes  which  might  excite  some  local  lesicm,  but  these  are  the 
ones  w^hich  will  most  frequently  come  under  the  notice  of  the 
practitioner. 

Before  we  begin  the  study  of  the  symptoms  produced 
by  lesions  at  different  heights  in  the  spinal  cord,  it  may  be 
well  to  glance  hastily  at  the  drawing  which  I  have  made  for 
you  upon  the  blackboard,  copied  from  one  made  by  Seguin 
from  the  text  of  Malgaigne,  which  is  so  simjDle  and  diagi'am- 

'  The  valuable  contributions  of  nallopcau,  in  the  "  Archives  (icneralcs  de  Medecinc," 
1872,  added  much  to  the  knowledge  of  this  obscure  affection.  Schiippel,  Westphal,  and 
Leyden  have  also  been  prominent  as  investigators  of  this  rather  rai^e  form  of  disease. 

*  See  page  3 1 5  of  this  volume. 
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matic  as  to  illustrate  certain  points  of  great  clinical  valne  and 
importance. 

Now,  if  you  will  look  at  this  diagram,  yoa  will  perceive 
that  the  line  upon  the  left  represents  the  different  lereb  of 


Axlt.  < 

MCV.  < 

k  SUi  C.  T.  < 

1  Tlh  c  r.  < 

WD.  V.  < 


LhDV.  < 
Ih  D.  V.  ^ 

ij.y.< 


Fia.  12S. — A  diagram  thomng  the  relalion  of  ihe  ipinaiu  proann  of  iKi  ■trti'tr*  M  tfr 
tjMHol  ntrva  and  tpinal  cord.    (Unlgaisne  ud  Seguic.) -' 

the  spines  of  the  vertebrje,  and  that  the  special  points  in  the 
cord,  as  well  as  the  points  of  origin  of  certain  of  the  more  im- 
portant nerves,  are  likewise  shown.  You  will  obserre  that 
the  liypn-glossal  and  the  pneumogastric  nenes  arise  from  the 
medulla,  which  lies  above  the  level  of  the  axis ; '  that  the 
phrenic  aiises  on  a  level  with  the  spine  of  the  axis  ;  that  the 
brachial  plexus  and  the  ulnar  nen'e  are  connected  with  thB 


rawinj;  illiistratc-i  the  fad  th 
'cupond  to  tho  IcTel  of  tbo  nor 


t  the  flpimii  of  the  rcipcctlre  TciUbr*  ds  Ml 
»  Thicb  escape  from  b«t«een  tUr  pcdidA 
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rord  in  the  region  of  the  neck  (third  to  sixth  rervicnl  spines) ; 
that  the  cilio-spinal  center  is  situated  Wtween  the  tifth  reni- 
ca!  and  the  second  dorsal  vertebne ;  that  the  lunihar  enlar^- 
ment  of  the  cord  gives  off  the  crural  and  sciatic  nerves  at 
different  points,  and  that  tlie  sjMice  between  the  elevenih  dor- 
sal and  the  second  Inmhar  spines  inrhides  the  point  of  origin 
of  both  ;  finally,  that  the  spinal  coixi  ends  at  the  second  bmi- 
bar  spine,  ulthongh  the  nerves  eontinue  to  estai*  from  the 
spinal  canal  much  below  that  point.  Such  a  diagram  will 
pro%'e  of  constant  Kervice  to  yoii.  in  following  the  disciissiim 
of  the  symptoms  of  focal  lesions  situated  at  different  heights 
within  the  spinal  cord. 

We  have  already  stndied  the  effects  of  systematic  lesions, 
both  of  the  kinesodic  and  a-sihesodic  systems,  and  have 
notice<l  how  perfectly  the  pliysiology  of  the  sjnnal  cord  is 
confirmed  by  lesions  affecting  the  anterior  or  posterior  por- 
tions of  the  cord  separately.  We  are  now  to  investigate 
those  lesions  which,  by  extending  in  a  transverse  direction, 
are  liable  to  be  accompanied  by  symjitoma  referable  to  both 
the  sensory  and  motor  porticns  of  the  cord.  Of  course,  the 
sv-mptoms  will  be  modified  by  the  extent  of  ihe  lesion  in  a 
transverse  direction,  fo  that  they  may  he  mostly  sen.wry  or 
motor  ;  but  the  presence  of  both  sensory  and  motor  sj-mp- 
toma  is  str<fjigty  (Hat/nosticof/ocal  lesions,  irresjwctive  of  a 
predominence  of  either,  and  is  never  produced  by  any  sys- 
tematic lesion  of  (he  cord,  with  the  one  exception  of  central 
myelitis. 

We  will  start  with  a  general  stakment,  as  a  guide  in  our 
study  of  focal  lesions,  which  is  as  follows  :  focal  lesions  nsu- 
ally  give  rise  t<i  poro/ys'>  of  motion,  to  an  aUeration  in  the 
T^ex  cxritahility  of  the  cord  (usually  an  increase),  and  to 
more  or  less  aniTsOifsia,  numbness,  and  pain;  the  bladder 
and  Tectum  are  qften  paralyzed,  and  a  tendency  to  hed-.mre>i 
is  freqnently  produced.  The  first  two  of  these  effects,  and 
also  the  Inst,  are  dne  to  alteration  in  the  kinesodic  sy.stcm  ; 
the  remaining  ones  are  the  result  of  some  disturbance  to  Ihe 
a'sthesodic  system. 
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In  studying  focal  lesions  situated  in  different  regions  o( 
the  spinal  cord,  we  must  adopt  some  system,  if  we  expect  lu 
grasp  the  line  distinctions  which  can  be  drawn  ljetwe«o  llw 
results  of  lesions  of  the  upper  cervical  region,  the  cerrical  en- 
largement, the  mid-dorsal  region,  the  region  just  above  tb*- 
lumbar  enlargement,  and,  finally,  the  lumbar  enlargement 
itself.  Most  of  these  distinctions  depend  upon  crertain  bsb- 
tomical  points,  which  yonr  previous  drill  will  enable  yon  to 
appreciate  more  easily  than  if  your  anatomical  knowled^'f 
had  become  deficient  from  a  lack  of  review, 

FOCAL    LESIOS    IS   THE    UPPER   CERVICAL   GEOIOX. 

In  tliis  condition,  hemiplegia  will  be  pwduced  if  one  lat- 
eral half  of  the  cord  be  alone  affected,  while  paraplegia  will  t» 
present  if  the  lesion  extends  transversely  U)  both  lateral  halves 
<)f  the  cord.  The  hemiplegia  or  paraplegia  will  be  cotni^ete 
below  the  head,  and  the  entire  body  may  be  rendered  auc*- 
thetic.  Since  t}ie  phrenic  nerve  arises  at  this  point,  the  act  tit 
respiration  will  be  interfered  with,  creating  dyspntca  and  Wf- 
cough ;  but  the  respii-atiun  will  not  be  airestwi,  isvat»  thi' 
pneumogastric  nerves  continue  to  excite  it,  and  the  aaxitiarT 
muscles  of  respiPition  can  expand  the  chest  without  the  actioo 
of  the  diaphragm.  Should  the  lesion  be  a  surgical  me  (u  it 
usnally  is),  the  resplratorj/  center  of  the  medulla  may  be  if 
fected,  and  death  take  place  from  asphyxia ;  but  I  do  noc 
think  such  a  result  can  be  explained  as  a  simple  effect  ot  (»- 
ralysis  of  the  phrenic  nerves  alone.  The  presence  of  the  eilit- 
spinal  center  in  the  lower  cervical  region  may  causo  tbtf  |»- 
pils  to  show  an  irregularity,  and  the  face  and  nei^k  may  matt- 
festa  marked  increase  of  temperature."  The  pnlse  may  I« 
rendered  variable,  from  in-itation  of  or  pressure  upon  tbew^ 
celeratory  center  of  the  heart. 

Now,  as  I  have  before  said,  this  type  of  lesitm  is  altnoat  at 
ways  a  surgical  one,  comprising  pressure  from  fracliui>,  disl^ 
cation,  caries,  tumors  of  the  vertebra,  etc.,  and  these  C8» 


FOCAL  LESIONS  OF  THE  CERVICAL  REGION.  343 

seldom  live  long  enough  for  us  to  study  the  effects  of  such  a 
lesion  with  much  detail.  In  those  rare  instances  where  the 
lesion  is  non-traumatic  and  slowly  develoi)ed,  the  effects  of 
irritation  have  been  shown  in  a  hiccough  (probably  due  to 
irritation  of  the  phrenic  nerve),  acceleration  of  the  pulse 
(from  irritation  of  the  acceleratory  center  of  the  heart),  and 
dyspncea  (from  some  interference  with  the  phrenic  nerve  or 
the  nucleus  of  the  pneumogastric  nerve  in  the  medulla); 
while  the  paralysis  has  first  appeared  as  a  paretic  condition 
of  the  arms,  then  of  the  chest,  and,  finally,  of  the  lower  limbs. 

FOCAL  LESIONS   OF  THE   CERVICAL  ENLARGEMENT. 

This  type  of  lesion  differs  in  its  effects,  if  developed  sud- 
denly or  gradually,  and  also  when  situated  in  the  upper  or  the 
lower  part  of  the  enlargement.  If  the  lesion  be  so  situated  as 
to  create  only  irritation  of  the  cilio-spinal  center,  or  the  ac- 
celeratory center  for  the  heart  (both  of  which  are  in  that  vicin- 
ity), the  effects  will  differ  from  those  due  to  actual  pressure 
upon  or  destruction  of  those  centers.  *  In  the  first  instance, 
the  pupils  will  usually  be  dilated  and  the  face  pale,  while 
the  heart  will  be  accelerated ;  in  the  latter,  the  pupils  will 
generally  be  contracted,  the  face  and  neck  flushed,  and  the 
pulse  retarded.  The  effects  will  also  differ  if  the  lesion  affects 
both  lateral  halves  of  the  cord  or  only  one. 

Wherever  the  lesion  be  situated  within  the  cervical  enlarge- 
ment, the  arms  and  legs  will  gradually  become  paralyzed ;  the 
arms  and  hands  usually  becoming  first  numb  and  paretic,  and 
the  lower  limbs  exhibiting,  for  some  time,  only  a  sense  of 
weakness  and  evidences  of  an  increased  reflex  excitability.  A 
sense  of  constriction  around  the  chest  (the  so-called  "cinc- 
ture feeling'")  is  generally  present,  the  seat  of  which  varies 
with  that  of  the  exciting  lesion. 

When  the  lesion  is  situated  at  the  upper  part  of  the  en- 
largement, the  motor  and  sensory  symptoms  will  be  manifest- 
ed in  the  lower  extremities,  the  trunk,  and  in  nearly  all  the 

*  The  reader  is  referred  to  the  pai^cs  on  the  third  cranial  and  pneumogastric  nerves 
/or  details  as  to  the  effects  upon  the  eye  or  heart. 
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regions  of  the  upper  extremitiea.  The  constricting  band  aroami 
the  thorax  is  referred  to  the  lemel  of  the  clanicUs^  and  dyspmEi 
is  often  excessive.  If  you  will  look  at  the  dia^^rammatic  rut,' 
you  will  perceive  that  the  hmfhial  plexus  is  marked  as  asso- 
ciated with  the  upper  pait  of  the  cervical  enlaj-genienl,  B»i 
the  ulnar  nerve  with  the  lower  part ;  hence  the  paralrsu  <if 
the  arms  in  this  case  would  naturally  be  manifested  in  alnu»t 
all  of  the  regions  of  the  upiier  extremity,  and  also  in  thiMp 
parts  supjilied  by  the  brachial  plexus  above  the  clavicle. 

If  tlie  lesion  be  situated  in  the  lower  part  of  the  cervical 
enlargement,  the  symptoms  exhibited  will  include  a  loss  of 
faradic  reaction  of  those  muscles  whidi  are  supplied  by  lb- 
vlnar  nerve  (rather  tlian  tho,se  of  the  ami  and  the  extensops 
of  the  forearm),  and  atrophy  of  these  musclea  will  often  b? 
developed,  chiefly  in  the  flexors  of  the  wrist  and  the  soiall 
muscles  of  the  hand.'-  Tlie  same  sense  of  constriction  (ciw- 
tare  feeling),  as  experienced  in  most  spinal  lesions  uf  a  loral 
character,  will  exist,  but  it  will  l)e  referred  to  the  upper  {on 
of  the  chest.  A  paralytic  condition  of  the  muscles  of  llie 
trunk  (the  intercostals,  ti-iiingularis  stemi,  and  the  accesturjr 
muscles  of  respiration),  as  well  as  of  tlie  abdominal  mnsrlcs. 
win  be  detected  in  severe  cases,  rendering  Ixjlh  inspiratioii 
and  expiration  embarras.sed,  and  thus  adding  to  llie  Aaager 
to  life.  The  lower  Hmljs  may  exhibit  evidences  of  aamhoen 
aniesthesia,  paresis,  or  complete  paralysis,  dependinfi  upon 
the  extent  of  the  lesion  and  the  destruction  done  lo  the  ti*^ 
sues  of  the  cord.  A  condition  of  paralysis  may  al«>  exist  ii 
the  upper  extremity. 

In  surgical  injuries  to  the  upper  portion  of  the  cord.  ■ 
peculiarity  is  often  noticed  in  the  temperature  (ff  Ikf.  bodjf. 
which  is  sometimes  greatly  elevated.  This  cliniral  fealun' 
may  be  associated  with  a  marked  retardation  of  the  actina  ti 
the  heart  (apparently  confirming  the  situation  of  an  accdm 
liyry  center  for  that  organ  in  the  spinal  cord). 

'  Jn*  p»~e  MO  of  Ihis  Tolmnp. 

'  Tlie  rciuler  is  rcfrrrcd  to  subsequent  pngc^  for  the  irmpUHu*  o(  ulnar  |mrii«i 
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FOCAL    LESIONS    OF  THE    MID-DORSAL    REGION   OF  THE   SPINAL  CORD. 

In  the  early  stages  of  this  condition  the  lower  limbs  be- 
come paretic,  and  a  condition  of  increased  reflex  excitability 
is  manifested  by  a  rigidity  and  stiffness  of  the  impaired  mus- 
cles whenever  the  patient  attempts  to  stand  or  walk.  As  the 
disease  progresses,  the  muscles  become  paralyzed  and  contrac- 
tured  *  (probably  on  account  of  changes  of  a  secondary  char- 
acter in  the  lateral  columns  of  the  cord).  In  some  cases,  the 
reflex  movements  assume  the  type  of  spasms,  so  as  to  exhibit 
both  tonic  and  clonic  contractions.  It  was  this  symptom 
which  suggested  to  Brown-Sequard  the  name  of  "  spinal  epi- 
lejwy,"  since  it  occurs  when  the  patient  is  exposed  to  the 
slightest  peripheral  irritation,  and  often  when  in  the  recum- 
bent  posture.'  The  sense  of  constriction  around  the  body  is 
referred  to  the  region  of  the  navel,  or  that  of  the  lower  ribs, 
or  i)ossibly  as  high  as  the  axilla,  since  it  may  be  taken  as  a 
relative  guide  to  the  highest  limit  of  the  lesion.  A  peculiarity 
exists  in  this  condition  as  regards  the  bladder  and  the  rec- 
tum ;  although  they  may  be  paralyzed,  they  are  often  enabled 
by  the  aid  of  reflex  action  to  expel  their  contents,  thus  appar- 
ently having  regained  their  function.  In  the  early  stages,  the 
urine  and  faeces  may  be  too  hastily  expelled  for  the  comfort 
of  the  patient,  often  comi)elling  the  performance  of  either  act 
before  a  proper  place  can  be  reached ;  but,  in  the  advanced 
stages,  the  urine  is  retained  to  such  an  extent  as  to  cause  an 
"overflow,"  which  is  often  mistaken  for  an  actual  inconti- 
nence,* since  a  constant  dribbling  is  present.  This  symptom 
is  always  an  indication  for  the  regular  use  of  a  catheter.  The 
sexual  function  seems  to  be  often  unimpaired,  as  coition  is 
frequently  possible.  It  is  seldom  that  the  paralyzed  muscles 
exhibit  a  tendency  to  atrophy,  and  the  electrical  reaction  of 

'  A  term  used  in  contradistinction  to  tho  word  **  contracted,"  to  designate  a  pcrma 
nent  shortening  rather  than  a  temporary  response  to  a  motor  impulse. 

'  The  presence  of  urine  in  the  bladder  or  of  fajccs  in  the  rectum  may  often  create 
these  spasms. 

*  For  the  diagnosis  between  these  two  conditions,  the  reader  is  referred  to  "  A  Prac- 
tical Treatise  on  Surgical  Diagnosis,''  by  the  author.  William  Wood  &  Co.,  New  York, 
1880. 
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the  aflfected  pmta  is  either  normal  or  exaggerated.  The  chief 
seat  of  wealiiiess  is  usually  detected  first  in  the  feet,  aud  the 
paralysis  graduidly  involves  the  entire  lower  limbs. 

FOf4L  LESIONS   ABOVE  THE   LLMBAR    ESLARGEMENT  OF    THE  fiPIXlL 

In  this  situation,  a  focal  lesion  of  the  cord  pro<lnc«*  akoot 
the  same  sensory  and  motor  sjinptoms  as  those  described  in 
connection  ■ftith  a  lesion  of  the  mid-dorsal  region,  with  the 
exception  that  the  reflex  spasms,  present  in  tlie  panUjTed 
muscles,  are  perhaps  somewhat  less  violent  than  when  ibe 
lesion  is  higher  up  the  cord.  These  tonic  and  clonic  spasms 
are,  however,  sufficiently  well  marked  to  constitute  a  promi- 
nent symptom,'  and  they  indicate  an  increased  reflex  exrila- 
bility  of  the  gray  matter  of  the  cord  below  the  seal  of  tin' 
lesion.  An  ingenious  explanation  of  this  increased  reflex  has 
been  advanced  by  Professor  Seguin  of  this  city,  which  seenn 
to  merit  respectful  consideration.  I  quote  from  a  late  paper' 
of  his  ujion  affections  of  the  spinal  coid,  as  follows  : 

"The  classic  theory  of  the  physiology  of  contracture  in  ' 
hemiplegia  is  that  it  is  due  to  the  secondary  degenemtioii— 
/.  e.,  actively  caused  by  the  lesion  of  the  ])ostero-latcral  col- 
umn. Seven  years  ago  (see  "  Archives  of  Scientific  and  Prac- 
tical Medicine,"  vol.  i,  p.  100,  1873)  I  rejected  this  lij-potberis. 
and  suggested  a  different  one,  which  I  have  since  e1nbont«d 
and  taught  in  my  clinical  lectures  at  the  College  of  Phyidciuu 
and  Surgeons,  New  York.  This  hypothesis,  which  I  inteod 
shortly  to  publish  in  detail,  is  briefly  that  the  spasm  U  doe, 
not  to  direct  irritation  from  the  sclerosed  (i)  tissue  in  ihs 
postero-Iateml  column,  but  to  the  cutting  off  of  the  ct-rebral 
influence  by  the  primary  lesion,  and  the  consequent  prepoB- 
demnce  of  tlie  proper  or  automatic  spinal  action — an  actina 
wliich  is  mainly  reflex.  Tlus  theory  explains  the  pheDomnia 
observed  in  cases  of  primary  spinal  diseases  with  desceodifijt 
degeneration,  and  can  be  reconciled  with  results  of  expoi- 

'  Thcso  Kflex  BiNuins  hate  been  oiled  by  Broirn-S^u&rd  "siiiiul  tfiUrpt;.' 
*  "  Ann«U  of  AiuitDmic4l  uiil  Surgicil  Sodeiy,"  Braoklyo,  Hccwiibw,  ISM 
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ments  on  animals  (incivased  reflex  pnvver  of  spinal  cord  after 
a  section  high  up.  Brown -Sequard  ;  inhibitory  power  of  the 
encephalon  on  the  spinal  cnrd,  Setchenow)." 

The  urinary  and  rectal  organs  are  affected  in  about  the 
same  way  as  in  lesions  of  the  dorsal  region.  Coition  is  often 
possible,  and  erections  are  normally  frequent.  The  rectum  is 
jmnilyzed,  as  a  rule,  and  constipation  is  usually  present  on 
that  acrount.  Micturition  becomes  slow  and  interrupted,  as 
the  bladder  grows  paretic,  and  retention  and  overflow  are 
produced  Infer  on  in  the  disease. 

The  paralysis  of  the  extremities  is  first  noticed  in  the  feet, 
wliieh  have  long  before  exhibited  a  sense  of  weakness  and  easy 
fatigue.  Numbness  and  anaesthesia  usually  accompany  the 
motor  paralysis,  and  extend  as  high  as  the  groin  or  the  waist. 
The  sense  of  a  constricting  band  around  the  body  is  pi-esent 
here,  as  in  lesions  of  other  localities,  and  is  referred  to  the  waist, 
below  the  level  of  the  umbilicus,  or  at  the  level  of  the  hips. 


FOCAL   LESIOSS   OF   TUE    LUMBAR   EXLARUCMENT. 

If  you  will  look  at  the  diagram  of  the  spinal  cord  upon 
the  blacklward, ■  you  will  jMsrceive  that  the  lower  portion  of 
the  lumlmr  enlai^ement  is  represented  as  giving  origin  to  the 
sciatic  nerw ;  hence,  it  is  reasonable  to  exi)ect  that  a  lesion 
situated  in  the  lower  jmrt  of  this  enlai^ement  would  be  mani- 
fested by  symptoms  of  an  incomplete  paraplegia,  in  which 
the  muscles  supplied  by  the  sciatic  nerves  would  be  the  most 
affected,'  Now,  this  fact  seems  to  be  confirmed  by  clinical 
experience,  since  the  feet,  legs,  posterior  as[)ect  of  the  thighs, 
and  the  region  of  the  nates  are  chiefly  paralyzed  when  the  le- 
sion is  so  situated.  The  bladder  is  unaffected,  but  the  sphinc- 
ter ani  muscle  is  often  rendered  paretic,  or  it  may  lie  entirely 
paralyzed.  The  portions  of  the  limbs  which  are  to  l)ecome  the 
seat  of  panilysis  usually  exhibit  a  Sfiise  of  numbness  before 
the  effects  of  the  lesion  are  fully  developed,  and,  in  case  the 

r  in  rvfrrrcd  to  the  figure  on  iiagc  SIO  of  IliU  Tnlumc 
10  leader  is  rercircd  in  ih«  pngoa  which  tre*i  of  the  cUniul  poinis  pertaining  tu 
ie  DGTvc,  for  the  tjuipUjuu  of  this  lypc  of  panljnit. 
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posterior  columos  of  the  cord  be  involved,  complete  amestiit-- 
sia  may  also  esiat  in  the  parts  supplied  with  motor  power  l>y 
the  sciatic  nerve.  The  condition  of  the  paralyzed  muM^lef, 
aa  fo  their  electrical  reactions,  and  the  preseucre  or  altsenrp  of 
the  evidences  of  increased  reflex  excitahilily  will  depeod 
greatly  upon  how  much  damage  has  been  done  to  the  gray 
matter  of  the  lumbar  enlargement.  If  the  gray  matter  be  » 
desti-oyed  as  to  impair  its  function,  the  reflex  movements  will 
be  absent ;  and,  if  the  trophic  function  of  the  cord  l>e  alferlwi 
by  changes  in  the  ganglion  cells  of  the  gray  matter,  the  para- 
lyzed muscles  will  undergo  atropliy.  The  sense  of  constric- 
tion, or  "  band  feeling,"  will  usually  be  referred,  in  this  k 
sion.  either  to  the  ankle,  leg,  or  thigh. 

FOCAL    LESIONS    CONFINEn    TO    THE     LATERAL    HALF   OF  THB  SnX*L 
CORD. 

In  discussing  the  focal  lesions  of  the  cord,  we  hare  de- 
scribed the  clinical  points  which  are  afforded  by  dentmctioin, 
to  a  greater  or  less  extent,  of  the  substance  of  the  cord  in  both 
of  its  lateral  halves  ;  hence,  the  motor  and  sensory  s^-mptcms 
have  been  nsually  referred  to  both  sides  of  the  body.  It  was 
necessary  to  thus  describe  them,  since  focal  lejrions.  tinlesi 
traumatic,  are  seldom  confined  to  one  lateral  half  of  Ihe 
coi-d ;  but,  in  some  rases  which  may  l)e  presented  to  your 
notice,  where  a  tumor,  a  fractured  vertebra,  a  hmmorrhaj??, 
a  severe  contusion,  or  some  other  localized  lesion  exists,  the 
injury  done  to  the  spinal  cord  may  be  confined  exc]asiTi<lT 
to  one  lateral  half,  resulting  in  one  of  two  named  ronditiims. 
>-iz.,  "spinal  hemiplegia"  and  "hemi-paraplegia."  Before 
proceeding  to  the  special  consideration  of  either  of  these 
conditions,  it  may  prove  of  advantnge  to  review  some  fie« 
points  in  the  physiology  of  the  conl.  and  to  again  direct  yow 
attention  to  the  two  plates  upon  the  blackboanl,  which  wf 
already  familiar  t«  you. 

This  i>late '  shows  you  that  any  lesion  of  a  Intt-ral  hal^ot 
the  spinal  cord  must  prodnce  ana!.sthesia  in  the  oppoitUt  *idr 
<^  the  hotly,  since  all  the  sensory  nerves  deciitsate  and  rater 

'  See  Fig.  I'JO  nt  ihia  vulaiuc. 
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the  gray  matter  of  the  cord,  which  serves  as  a  conducting 
medium  for  sensoiy  impressions,  while  the  motor  sy-mptoms 
produced  by  the  same  lesion  must  be  confined  to  the  same 
side  of  the  body  as  the  lesion,  since  no  decussation  probably 
occurs  Id  the  spinal  cord  (these  fibers  decassatlng  only  in  the 
medulla  oblongata). 

This  second  diagram'  will  further 
assist  you  to  appreciate  the  fact  that 
lateral  lesions,  as  well  as  those  which 
affect  the  entire  cord,  are  modified,  as 
regards  their  symptomatology,  by  the 
height  of  the  lesion  in  the  cord  ;  since 
the  motor  nerves,  and  the  special  cen- 
ters which  are  situated  in  the  cord  itself, 
will  only  be  affected  when  they  lie  below 
the  seat  of  the  lesion  or  are  directly  in- 
volved in  the  destructive  process.  It 
wilJ,  therefore,  be  unnecessary  to  enter 
again  into  detail  as  to  the  full  bearings 
of  the  plate,  since  they  are  probably 
fresh  in  your  memory. 

When  the  focal  lesion  is  placed  high 
up  in  the  substance  of  the  spinal  cord,  the 
motor  paralysis  affects  one  side  only  of 
the  l>ody  (pronded  the  lesion  is  confined  to  a  lateral  half),  and 
the  term  "spinal  hemiplegia  "  is  applied  to  this  form  of  paral- 
ysis in  contradistinction  to  a  hemiplegia  of  cei-ebral  origin.  If 
the  spinal  lesion  l)e  situated  in  the  dorsal  region  and  be  con- 
fined to  the  lateral  half  of  the  cord,  a  motor  paralysis  of  one 
half  of  the  same  side  of  the  body  hdoio  the  seat  of  the  lesion 
is  developed,  a  condition  to  which  the  term  "  hemi-paraple- 
gia"is  commonly  applied.  Inclosing  the  clinical  aspects  of 
lesions  of  the  spinal  conl,  it  will  be  necessary,  therefore,  for 
us  to  consider  the  essential  features  of  these  two  remaining 
conditions. 


Kio.  127. — A  diagram  to 
nhott  the  toam  of  Ike 
motor  and  lenmry  pallii 
in  tht  tpinal  cord. 
(Bro»n-S«qi»fil.) 

D,  iliKvsMlioii  of  pframldn ; 
U,  motor  patbB ;  S,  wn- 
■orj  patbB. 


'  The  reader  is  referred  to  pa^P  '•"T  pf  tlii*  volnr 
Sgnrc  Id  the  iludf  of  Bpinal  aRectionx. 


;  Inr  detuils  an  10  the  utilitj  of  this 
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In  order  to  produce  a  typical  case  of  this  condition,  it  is 
necessary  to  have  a  lateral  focal  lesion  of  the  cord  in  its  npper- 
most  part  (in  or  above  the  cervical  enlargement  of  the  cord).  If 
we  suppose,  then,  that  such  a  lesion  be  present,  let  us  see  what 
we  might  reasonably  expect,  on  purely  physiological  grounds, 
would  be  the  result     We  can  then  examine  the  clinical  rec- 
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FiO.  128. — A  diagram  to  fhoin  the  relation  oflhc  Kpinotu  procrtK*  of  fAt.rrrtttrmlt^ 
tial  iierra.     (Jlal^ignc  '  and  Scguia.) 

ords  of  such  cases,  and  either  confirm  our  deductions  or  pain 
some  additional  inft>rmation.  Such  a  lesion  would,  in  the  first 
place,  shut  off  all  motor  impulses  sent  out  from  the  brain  ti> 
parts  below  the  lesion,  on  the  same  side  as  the  lesion,  sinw 

'  "Trails  d'Aattomie  Chinirf^le." 
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the  decussation  of  the  motor  fibers  has  already  taken  place  in 
the  mediiUa  ;  hence  motor  paralysis  should,  theoretically,  oc- 
cur in  the  arm  and  leg  of  the  side  of  the  body  corresponding 
to  the  seat  of  the  exciting  lesion,  and  the  trunk  should  also  be 
paralyzed  upon  that  side.  This  we  find,  clinically,  to  be  true,' 
with  the  exception  that  the  intercostal  nerves  often  retain 
their  motor  power  when  the  nerves  of  the  arm  and  leg  are  no 
longer  capable  of  carrying  motor  impulses.  In  the  second 
place,  we  should  expect  to  find  that  the  sensation  of  the  side 
of  the  body  opi)osite  to  the  seat  of  the  lesion  would  be  de- 
stroyed or  greatly  impaired,  since  the  sensory  nerves  decus- 
sate throughout  the  entire  length  of  the  cord.  This  we  also  find 
confirmed  by  clinical  facts ;  and  so  perfect  is  this  anajsthesia 
that  the  line  can  often  be  traced  to  the  mesial  line  of  the  body 
exactly,  and  upward  to  the  limit  of  the  exciting  lesion.  In 
the  third  place,  the  situation  of  the  ciliO'Spinal  center  in  the 
cervical  region  of  the  cord  would  naturally  suggest  some  effects 
ui)on  the  pupil,*  and  the  circulation  and  temperature  of  the 
face,  neck,  and  ear  of  the  same  side.  This  is  also  confirmed,  as 
the  pupil  does  not  respond  to  light,  but  it  still  acts  in  the  ac- 
commodation of  vision  for  near  objects,  and  the  skin  of  the 
regions  named  becomes  red  and  raised  in  temperature.  Fi- 
nally, the  presence  of  vaso-Tnotor  centers  in  the  cord  might 
occasion  a  rise  in  temperature  in  the  paralyzed  muscles ;  and, 
strangely  confirmatory  of  this  fact,  we  often  find  the  tempera- 
ture of  the  paralyzed  side  of  the  body  hotter  than  that  of  the 
aniesthetic  side. 

In  some  exceptional  cases,  the  face,  arm,  and  trunk  are 
alone  paralyzed,  the  legs  seeming  to  escape,  and  often  giving 
evidence  of  reflex  spasm  (perhaps  most  commonly  on  the 
ansesthetic  side).  This  must  be  explained  as  the  result  of 
incomplete  destruction  of  the  lateral  half  of  the  cord. 

'Th«  researches  of  Brown-S^quard,  as  early  as  1849,  and  his  published  memoirs 
(186d-'5  and  1868,  1869),  have  probably  done  more  to  clear  up  this  field  and  to  place  it 
upon  a  positive  foiindation  than  those  of  any  other  observer. 

'  The  reader  is  referred  to  pages  114  and  135  of  this  volume. 
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ilEMI-PARAPLEQIA. 

Tliia  oondition  is  the  result  of  some  fooal  lesion  of  lli-' 
Hpinal  rord  in  the  dorsal  region^  which  involves  only  its  laitfral 
half.  The  results  of  such  a  lesion  differ  but  little  from  ttww 
of  one  causing  spinal  hemiplegia,  as  I'egords  the  motor  a&d 
sensory  symptoms,  exceptiog  that  the  situation  of  the  excit- 
ing cause  is  below  the  c«r\-ioal  enlargement,  where  (he  nems 
tfl  the  upper  extremity  are  given  off,  and  where  the  cUio- 
spinal  center  is  situated.  For  that  rea-son  the  miisrl»*s  i»f  th« 
upper  extremity  are  not  paralyzed,  nor  are  the  effects  ujiod 
the  pupil  and  the  skin  of  the  face,  ear,  and  neck  (mentiuocd 
as  present  in  spinal  hemiplegia)  pi-oduced.  The  mutfrtes  \»- 
low  the  seat  of  the  lesion  are  paralyzed  on  the  side  of  the  body 
corresponding  to  the  exciting  cause,  and  the  skin  is  sometiiiK* 
rendered  hyperiesthesic  upon  that  side ; '  wMle  the  integu- 
ment of  the  side  opposite  to  the  lesion  is  deprived  of  seiwi- 
Mlity.  The  bladder  and  i-ectum  may  be  paralyjsed  in  smne 
instances.  The  sense  of  constriction,  or  ''band  feeling,"  will 
vary  with  the  seat  of  disea-se  in  the  spinal  cord.  The  amoanl 
<if  Tfflejc  irritability  and  the  presence  or  absence  of  mtuminr 
atrophy  in  tlie  parts  paralyzed  will  dpi>end  nptm  the  di-ptli 
of  the  lesion  in  the  spinal  cord  ami  the  changes  which  bavi? 
been  protluced  in  the  gray  matter.  The  same  increiue  of  i«n- 
peratnre  in  the  iiaralyzed  limb,  which  was  mentioned  m«v 
cnrring  in  spinal  hemiplegia,  may  also  be  present  in  this  taii- 
ety  of  pamlysis. 

Should  the  side  affected  with  anfesthesia  give  any  evid«iKr 
of  motor  paralysis  or  muscular  weakne«.s,  or  riym{itom9  if 
ana?sthesia  appear  upon  the  side  where  the  motor  imnl%'sts 
is  present,  you  may  regard  either  one  as  conclusive  erideBo* 
that  the  exciting  lesion  is  progressing,  and  thai  the  oppneatv 
lateral  half  of  the  cord  is  being  involved  to  a  greater  or  less 
extent. 


'  This  M  protMblv  due  b 
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THE  SPINAL  NERVES. 

THEIR   ORIGIN,  DISTRIBUTION,  FUNCTIONS,  AND 

CLINICAL  IMPORTANCE. 


I 


We  have  now  considered  the  general  ijoints  in  the  con- 
strttftiun  of  ihe  oerebro-spinal  axis,  and  the  clinical  facts 
wJiich  pertain  to  tlie  brain  and  spinal  cord.  We  have  also 
separately  discussed  those  nerves  which  are  connected  with 
the  bniin,  and  have  noted  all  the  peculiarities  in  their  distri- 
bution and  anastomoses,  which  seem  to  shed  a  light  upon 
tiieir  physiological  action  or  the  clinical  features  which  each 
of  them  presents.  It  now  remains  for  us  to  investigate  those 
nerves  of  the  neck,  trunk,  and  the  extremities  which  are  con- 
nected with  the  spinal  cord,  and  are  called  "spinal  nerves," 
in  contradistinction  from  the  nerves  of  cranial  origin,  or 
tliose  of  the  sympathetic. 

The  spinal  nerves  comprise  thirty-one  pairs,  which  escape 
from  each  side  of  the  spinal  cord  by  two  roots,  called  the 
anterior  or  "motor  root,"  and  the  posterior  or  "sensory 
root."  These  two  roots  join  with  each  other,  in  every  in- 
stance, to  form  one  nerve,  which  is  named  in  accordance  with 
its  situation  and  the  region  of  the  vertebral  column  from 
which  it  escapes ;  since  thu  nerves,  so  formed,  pass  throufjli 
foramina  Ijetween  the  pedicles  of  the  vertebra?,  throughout 
the  entire  length  of  the  spinal  column.  Thus  we  have  eiffht 
pairs  of  cercical  neroes,  escaping  upon  either  side  of  the 
cen-ical  vertebrie ;  (wche  pairs  of  dorsal  nvrtrs,  bearing  the 
Slime  relation  to  the  dorsal  region  of  the  spine ;  fife  pairs  q/" 
lumbar  nerves  on  each  side ;  Jive  pairs  <y  sacral  nerces. 


356  THE  sriXAL  NERVES. 

escaping  fi'om  the  foramina  of  thut  bone ;  and  one  pair  </ 
cocc2/geal  -ue-rpes. 

As  mentioned  in  the  lectures  upon  the  construction  of  the 
spinal  cord,  the  anterior  routs  of  the  spinal  neires  ate  roo- 
nected  with  the  gray  matter  of  the  anterior  homs  ;  whilv  Ihe 
poateriur  roots  are  connected  with  the  posterior  hums  of  the 


Fio.  130.  —  Dortal  por- 
tion of  the  tpinal  oiiil. 
(tlinirhfeld.) 

(Ilirwhlctd.) 
1,  HDtero-inCFrior  irnl!  of  ihc  faurtb  ventriulc ;  3.  superior  iiiMlunrli;  of  the  m 

S,  middle  pedunL'lc  of  llic  cercbclltim  :  4,  interior  peduncle  of  the  ei^rvbrnua  ;  >. !» 
fcrior  portion  of  tbe  posteriur  medUa  colUTnne  of  the  cM^ :  H,  ii.liiiiii  jit»ij»pil 
nerve;  T,  pneumagiuitric ;  S,  apin>.l  aecMsory  nerre ;  V,  U,  V,  V,  rtrntalnl  Kp*m: 
10,10,  10,  10,  pmttr'Kir  rooli  of  Chr  nfiiital  nrrtn  :  11.  II,  II,  II,  padtriir  l^r^ 
groove;  13,  12.  12,  U,  ganglia  of  Ihe  pntlmor  rooU  nf  tktnmn:  13.  II.  ^nr 
roott  of  Iht  nerva  ;  \i,  divitioH  of  lb«  nma  inlo  fm  iraruia  :  in.  1ii«ii  iilwin 
oftheciirdi  IB.  1  fl,  coecypeml  ligBmi-m ;  17.  I'.oiidnenDian ;  I — VllUrrnit^mma. 
I,  II,  in,  IV— XII.  -hr^il  Htnw  .-  I,  Il-V,  lumbar  ««*«  ,■  I— V,  m^v^T  htm. 

gray  matter.     Like  all  sensory  neves,  the  ]«>sterior  nxita  haie 
a  gangVojtw  enlargement '  dereloped  npon  them,  wliile  tlw 

'  Till.'  prcKnre  of  a  gatiglioii  upon  a  ctrcbitMtpinal  ncne  u  ■!■>;■  mi  wJJiMirf  i* 
aenaory  charMlcr. 
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anterior  roots,  being  motor  in  function,  do  not.  The  roots  of 
the  first  cervical  nerves  are  small,  short,  directed  horizontaUy, 
and  the  anterior  is  the  larger  of  the  two ;  those  of  the  remain- 
ing cervical  nerves  become  larger,  longer,  and  more  oblique 
as  you  descend  the  cord,  and  the  posterior  root  is  consider- 
ably larger  than  the  anterior.  In  the  dorsal  region,  the  first 
dorsal  nerve  resembles  the  lower  cervical  nerves  as  to  the 
actual  and  relative  size  of  its  roots,  but  the  roots  of  the  re- 
maining dorsal  nerves  are  smaller  than  those  of  the  cervical 
region,  and  more  nearly  equal  in  their  I'elative  size.  The 
roots  of  the  lumbar  and  upper  sacral  nerves  again  increase 
in  size  from  above  downward.  Finally,  the  lower  sacral  and 
the  coccygeal  nerves  show  a  gradual  decrease  in  the  size  of 
their  roots,  the  last  sacral  and  the  coccygeal  nerves  having 
the  smallest  roots  of  any  of  the  spinal  nerves.  As  regards 
the  relative  size  of  the  anterior  and  posterior  roots,  the  lum- 
bar, sacral,  and  coccygeal  nerves  exhibit  but  little  difference. 

The  length  and  inclination  of  the  roots  of  the  spinal  nerves 
increase  from  the  first  to  the  last ;  hence  the  place  of  escape 
of  a  spinal  nerve  does  not  indicate  its  seat  of  origin.  As  the 
spinal  cord  does  not  descend  beyond  the  first  lumbar  verte- 
bra, the  length  of  the  roots  of  the  lumbar,  sacral,  and  coccy- 
geal nerves  increases,  from  nerve  to  nerve,  by  the  thickness 
of  one  vertebra. 

The  trunk  of  each  spinal  nerve,  after  its  escape  from  the 
vertebral  canal,  immediately  divides  into  an  anterior  and  a 
posterior  primary  division. 

In  treating  of  the  spinal  nerves,  I  will  first  direct  your 
attention  to  the  four  upper  cervical  ner/es,  since  they  enter 
into  the  formation  of  the  cervical  plexus ;  then  to  the  remain- 
ing cervical  and  the  first  dorsal  nerv^es,  since  they  enter  into 
the  formation  of  the  brachial  plexus  ;  and,  later  on,  the 
dorsal,  lumbar,  sacral,  and  coccygeal  nerves  will  be  sepaititely 
considered.  By  this  method  of  subdivision,  which  is  the  one 
nsoally  followed  by  all  authors  upon  anatomy,  the  ner\^es  can 
be  more  satisfactorily  traced  from  their  origin  to  their  termi- 
nal distribution  than  if  each  nerve  were  treated  of  separately. 
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since  some  enter  into  the  formation  of  plexuses,  and  thnsloM 
their  individuality. 

The  axioms  regai'ding  the  distribution  of  nerves  to  the 
muscles,  joints,  and  skin,  -which  I  quoted  in  the  first  lectOK 
of  this  winter's  course,  will  be  so  constantly  of  use  in  the 
study  of  the  spinal  neiTes  that  they  tt-ill  again  bear  repetitioiL 
The  substance  of  my  remarks  in  that  lecture  was  aboat  as 
follows : 

It  is  claimed  by  John  Hilton'  that,  if  we  trare  the  distri- 
bution of  the  nerve  tilaments  from  any  special  nerve  trunk  n> 
the  muscles,  we  shall  find  that  only  those  muscles  aresiippU*^ 
by  each  of  the  individual  nerves  which  are  required  to  icofW 
complete  the  performance  of  X\i&  functions  for  which  that 
nerve  was  designed  ;  and  that,  if  muscles  were  cliissified  on  a 
basis  of  theii'  nerve  supply,  instead  of  in  groups  of  mere  reb- 
tionship  as  to  locality,  a  self-evident  physiological  relatioa 
would  be  shown  which  would  tend  greatly  to  simplify  a 
knowledge  of  the  muscular  system  in  its  practical  bearinga, 
and  to  prove  a  design  on  the  part  of  the  Creator. 

Thus,  he  says,  we  frequently  find  muscles  cln«e  together 
and  still  supplied  by  separate  nerves,  one  of  which  has  posri- 
bly  to  go  a  long  way  out  of  a  direct  course  to  reat-h  it,  whirk 
is  contrary  to  the  usual  method  of  Nature,  who  aln-ays  «»« 
the  simplest  means  to  accomplish  her  designs ;  but,  if  we  m- 
amine  the  action,  of  these  two  muscles,  we  will  find  thai  «fh 
one  acts  in  unison  with  the  other  muscles  supplied  by  tlw 
same  nerve,  and  that,  ta  produce  tliis  perfect  accord,  Xatvit 
takes  what,  to  a  hasty  glance,  would  seem  to  be  a  needkfl 
step. 

He  also  lays  down  certain  axioms,  pertaining  tpthedli- 
tribution  of  nerves  and  the  diagnostic  value  of  pain,  wbid 
have  been  often  re])eated  in  these  lectures,  and  axn  not  bal  tc 
most  profitable  to  those  who  use  them  as  a  guide.  They  i» 
aa  follows : 

^^Superficial  pains  o«  bot?i  sid^a  qf  the.  body,  teAi'ct  aft 
symmetriixil,  imply  an  origin  or  cause,  the  seat  of  te^iei  « 

■  "  Best  uul  rnin,"  Londoo,  1878  (Ko«  Tork.  ia7»>. 
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central  or  hilateral;  while  unilateral  pain  implies  a  seat  of 
origin^  which  is  onesided^  and^  as  a  rule^  exists  on  the  same 
Bide  of  the  hody  as  tJiepainJ^^ 

The  bearings  of  this  first  axiom  will  be  rendered  very  ap- 
parent when  the  regions  of  the  neck  and  trunk  are  considered, 
since  the  symptom  of  local  pain  is  of  the  greatest  value  in 
Gonnection  with  diseases  affecting  the  bones  of  the  spinal  col- 
umn and  the  spinal  cord  which  they  invest;  but  that  the 
same  rule  may  be  applied  to  any  of  the  cranial  nerves,  with  a 
degree  of  certainty  which  seldom  admits  of  error,  has  been 
shown  in  cases  quoted  in  connection  with  the  motor  oculi, 
trigeminus,  facial,  and  other  nerves. 

The  second  axiom  is  as  follows : 

"  The  same  trunks  of  nerves ^  whose  branches  supply  the 
groups  of  muscles  moving  a  joints  furnish  also  a  distribu- 
tion of  nerves  to  the  skin  over  the  insertions  of  the  same  mus- 
cles ;  and  the  interior  of  the  joint  moved  by  these  muscles 
receives  a  nerve  supply  from  the  same  source  J^^ 

By  this  axiom,  a  physiological  harmony  is  shown  between 
these  various  cooperating  stractures.  Thus,  any  joint,  when 
inflamed,  may,  by  a  reflex  act  through  motor  branches  from 
the  same  trunk  by  which  it  is  itself  supplied,  control  the  mus- 
cles which  move  it,  and  thus  insure  the  rest  and  quiet  neces- 
sary to  its  own  repair. 

Spots  of  local  tenderness  in  the  cutaneous  surface  may, 
for  this  reason,  likewise  be  often  considered  as  a  guide  to  a 
Bonrce  of  irritation  of  some  of  the  structures  supplied  by  the 
same  nerve,  viz.,  the  muscles  underneath  it,  or  the  joints 
which  are  moved  by  them  ;  and,  thus,  even  remote  affections 
can  be  accurately  determined,  which,  were  this  axiom  not 
used  as  a  guide,  might  escape  recognition  till  an  advanced 
stage  of  the  disease  had  been  reached. 

It  is  well,  however,  to  quote  one  other  axiom,  laid  down 
by  the  same  author,  before  leaving  the  subject  of  the  diag- 
nostic value  of  the  cutaneous  nerves  as  indicators  of  existing 
disease  of  other  organs,  viz.  : 

^^  Every  fascia  of  the  body  has  a  muscle  or  muscles  at- 
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tacJied  to  it ;  and  enery  fascia  must  he  considered  <w  onr  (f 
the  points  of  insertion  of  the  muscles  connected  /o  iV,"  itt/nl' 
Zowinff  the  previous  axiom  as  to  the  cutaneous  distributiiOi. 
of  Tiertes. 

This  guide  is  especially  important  in  case  the  mle  be 
plied  to  the  extremities  (arms  and  legs)  where  i\ivsie  fatrim 
extend  over  large  surfaces,  more  nr  less  remote  fmm,  aad  ajv 
parently  unconnected  wilh,  the  muscles  attached  tn  them :  bnt 
it  is  mentioned  in  this  connection  for  the  especial  tihjeirt  tl 
calling  the  attention  of  the  reader  to  those  general  rules  wUrk 
govern  the  distribution  of  the  nen'es  in  their  entirety,  hefoic 
proceeding  to  apply  them  in  all  their  individual  lienrings 

Without  this  nervons  association  between  the  muHcoltf 
structures  and  those  composing  the  joints,  then;  »mld  lie 
intimation  given  by  the  internal  parts  of  their  exhiinstioti  m 
fatigue.  Again,  through  the  medium  of  this  same  associatii* 
between  the  skin  and  the  muscles,  great  security  is  gi\-Mi  M' 
the  joints,  by  the  muscles  being  made  aware  of  the  pcrini  of 
contact  of  any  extraneous  force  or  violence.  Their  iDrolna- 
tary  contraction  instinctively  makes  the  tissues  sarrmtDdilg 
the  joints  tense  and  rigid,  and  this  brings  about  an  Iniprand. 
defense  for  the  subjacent  joint  structares. 

From  the  cnnclasion  of  his  great  work,  in  which  Hiltoa  ^ 
deavors  to  prove  that  mechanical  rest  may  l>e  nsed  as  a  cwi 
for  most  of  the  surgical  disorders,  the  following  sentvnees 
■quoted,  since  they  can  not  be  too  often  repeated  : 

"  I  have  endeavored  to  impress  upon  you  the  fact  £krf 
tcert/pain  has  its  distinct  and  pregnant  siffnifca/ion  if\ 
will  but  cnrefiilly  search  for  it. 

"In  the  pain  which  follows  the  intrusion  of  a  psirtirletrf 
dust  on  to  the  conjunctiva,  and  the  closure  of  the  eyelid  far 
the  security  of  rest,  up  to  the  most  formidable  disea!«ea  wUrk 
we  have  to  treat— pain  the  monitor,  and  rest  the  enw—an 
starting  points  for  contemplation,  which  should  ererbepn* 
ent  to  the  mind  of  the  surgeon." 

Now,  if  you  will  thoroughly  grasp  these  axiunu,  tvri  vtif 
8  mere  words,  but  as  grand  pri/icfples,  which  ran  be  nsrf 
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by  yon  in  your  every-day  exi)erience  as  counselors  of  the 
sick,  you  will  be  better  able  to  appreciate  the  tables  of 
nerve  distribution  which  I  am  constantly  presenting  to  you 
upon  the  blackboard,  so  that  you  can  record  them  in  your 
note-books.  These  tables  enable  you,  at  a  glance,  to  see  to 
what  mnscles  each  separate  nerve  sends  filaments  of  distribu- 
tion, and  thus  innumerable  problems  are  being  constantly 
suggested  to  you  of  this  character  :  Why  does  this  nerve  sup- 
ply the  muscles  mentioned  and  omit  those  in  the  immediate 
vicinity  ?  What  is  the  common  physiological  function  which 
these  muscles  are  destined  to  perform  ?  How  may  this  nerve 
be  classed  from  its  physiological  action  ? 

It  is  only  by  such  a  system  of  self -inquiry  and  self-examina- 
tion that  you  are  enabled  to  become  the  master  of  the  science. 
The  nerves  are  then  no  longer  mere  cords,  running  without  a 
plan,  and  serving  only  as  a  tax  upon  the  memory,  but  electric 
wires,  placed  with  a  system  which  we,  as  yet,  can  not  begin 
to  understand  in  its  wonderful  adaptability  to  the  demands  of 
the  body,  but  which  a  little  study  will  show  is  remarkable  for 
its  simplicity  of  distribution,  if  we  but  seek  for  the  function 
of  each  nerve.  To  a  student  of  this  character,  the  nerves  be- 
come a  source  of  never-ending  delight,  since  they  serve  as  the 
key  to  many  problems  in  anatomy  which  had  previously  been 
involved  in  obscurity.  We  thus  learn  the  action  of  the  mus- 
cles^ since  the  nerves  which  supply  any  special  group  enable 
yon  at  once  to  tell  that  those  have  a  similarity  of  function 
which  are  supplied  from  the  same  source,  while  those  sup- 
plied from  different  sources  are  not  only  dissimilar  in  their 
action,  but  have  some  bond  of  sympathy  with  other  muscles 
(possibly  far  distant)  which  are  similarly  supplied.  I  believe 
that  the  day  is  not  far  off  when  the  nervous  supply  will  consti- 
tnte  the  universally  recognized  basis  upon  which  muscles  will 
be  divided  into  groups  ;  and,  when  that  day  comes,  the  labor 
of  the  student  will  be  greatly  lessened,  and  his  grasp  of  the  sub- 
ject be  of  a  higher  and  more  comprehensive  order.  We  will  now 
pass  to  the  consideration  of  the  upper  four  cer\'ical  nerves,  and 
the  cervical  plexus  which  is  formed  by  their  anterior  branches. 
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THE  UPPER  CERVICAL  NERVES, 

A  CHART  OF  THE  l^^ERVES  OF  THE  CERVICAL  REGIOX.  ' 


First    Ciryical 
Nerve 
{Sub-occijntat), 


Posterior  division. 


Anterior  division. 


Posterior    division 
(very    large     in 
size). 


Second  Cervical  ^ 
Nerve. 


Anterior  division. 


r  Posterior  division. 


Third   Cervical 
Nerve. 


Brancli  to  posterior  division  of  seoood  oerricil. 

Branches  to  the  po$ierior  crttmo-vfrttb>ni  aet  of 
muscles, 
I  Branch  to  complexus  mosdes, 
I  Branch  to  integument  ofoedpfti, 
^  Branch  to  rectus  cap.  ant.  nu^jor. 

Branch  to  rectus  cap.  ant.  mlDor, 

Branch  to  rectus  cap.  lateralis. 

1  Second  ocrrical, 
Pneamogastric, 
Hjpo-gloaoal, 
Superior  cerrioal  gan«;iioc;. 
Branch  to  ocdpito^loid  articulation. 

fSplenins, 
Ccrricalis  aseendcns, 
Transversalis  colli, 
Tracfaelo-inastotd, 
Complexus. 
Joins  with    first   cerriesl 

nerve, 
Supplies  wttgmmmi  of  a^- 

eijmt  as  far  as  vertex. 
Gives  an  amrittdmr  h^t\ 
to  sicin  of  ear. 
Filament  to  atcmo-mastoid, 
Ascending  branch  (to  first  cervical  nerrri. 
Descending  branch  (to  third  cervical  nerrei, 
Filament  to  communicans  noni  nei've, 
iimatt  occipital  nerve  (occipitalis  minor  I 

fSplcnius, 
Ccrvicalis  ascendeof, 
Traiisvcrsalis  colli, 
Tracbelo-mastnid. 


External  branch 
(supplying) ' 


Internal  branch 
( Oreat  oeeipital 
nerve). 


External  branch 
(supplying) 


Internal    branch 
(supplying) 


1 


Ascending 

branches. 


Anterior  division. 


Fourth    Cervi- 
cal Nerve. 


Iniegumeni  o/ceeifud. 

^  Aurieuftnris  mofrnvi, 
Superfieiid  crrrieal^ 
Branch  to  second  orrncil 

nerve. 
Branch  to  the  ppinal  icrrf- 
sory. 
r  Filament  to  foorili  Bcrre. 
Filament  to  levator  sspiH 

scapuUr, 
Smpra^mviemfar^ 
Filament  to  oomnrasiem 

noni  nerve. 
Filament  to  phrmic  senv. 
Posterior  division  (distributed  to  muscles  of  the  back). 

Filament  to  third  cervical  nerve. 
Filament  to  fifth  cervical  nerve, 
-i  Filament  to  phrenic  nerve^ 
I  Filament  to  scalenus  medius, 
[  Filaments  to  ntpradavicuiar  nerve. 


I 

[  Anterior  division. 


Descending 

branches. 


'  Modified  fnim  a  table  in  the  '*  Essentials  of  Anatomy  **  (Darling  and  nanney).   $t* 
York,  Putnam's  Sons,  1880. 
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made  particularly  proDiinent,  It  will  tend,  however,  to  sim- 
plify the  study  of  tliis  table,  if  you  will  compare  it  with  the 
line  adjoining,  which  shows  the  construction  of  the  cemcal 
I)lexHs. 

Tills  plexns  is  formed  by  the  anterior  hraTicJirfs  of  these 
four  nen-es,  so  that  you  will  find  the  same  nerves  meDtioDt^ 
in  both  tables ;  since,  in  the  fii-st  table,  a  nerve  may  be  mwi- 
tioned  as  one  of  the  terminal  filamentB  of  a  specia]  tmnk, 
while,  in  the  second  table,  it  will  be  enumerated  as  one  of  ihu 
branches  of  the  plexus.  1  mention  this  point,  lest  som^  con- 
fusion may  arise  in  your  minds  aa  to  the  apparent,  contradic- 
tion of  statement,  as  well  as  for  the  purpose  of  imprtaeing  niam 
you  the  fact  that  a  branch  of  any  ner>-e  plexus  c&n  usnally  Ij** 
ti-aced  as  arising  from  some  special  nerve  or  nerves,  wbivh  as- 
sist to  foiTB  that  plexus.  Thus  we  have  the  phrenic  nem 
arising  by  three  heads  (third,  fourth,  and  fifth  cervical),  and. 
in  part,  a  bmnch  of  three  nerves ;  and  again,  the  c*mmuni- 
cans  lioni  nerre,  which  goes  to  join  a  bi-ancli  of  the  Iiypv 
glossal,'  arises  by  two  heads  (second  and  third  cervical). 

THE   CERVICAL   PLEXUS  OP   KBRVBS. 


The  table  which  illustrates  the  method  of  constnictiaB  ul 
the  cemcal  plexus  and  ils  branches  of  distributioD  aayb* 

'  Sec  pnge  STB  of  this  volume. 

'  The  loop  hcHttcn  Ihc  fimt  and  »ocond  ocrrlcal  in-rres  uEiuitl?giraafftlw«aaM^ 
CBtini;  bmochcs  to  pm^utnoi^stric  nnd  hypo-jloMsl  nprvm  mml  ID  lb«  sspniornri^ 
gBagUon  o(  tbc  synipalliMlc,  while  the  third  and  fourth  c«rvli-al  dcitm  ^tv  cwBHaM' 
ing  branches  tg  tbc  moid  cord  ol  Ibc  irmpalhclic  atrm. 


THE  SPI.VAL  ySRVES. 

cutaneous,  while  tlie  latter  are  distributed  to  muscles  and  ad- 
jacent neires.  The  superficial  or  integumentary  set  comprises 
four  nerves,  three  of  which  ascend  toward  the  head,  while  ihe 
remaining  one  descends  toward  the  shoulder  ;  the  deep  nei  ii 
subdivided  into  branches  which  pass  toward  the  mesial  line  at 
the  trunk,  the  internal  set,  and  those  which  pass  away  bm 
the  mesial  line,  the  external  set. 

SUPERFICIAL   BRANCHES   OP  THE  CEBVICAL   PLEXrS. 

The  superficial  set  of  branches  is  of  the  greatest  impor- 
tance to  the  physician,  since  the  sj-mptom  of  pain  is  ottva  i 
most  positive  guide  to  disease,  which  can  be  localize*!  bv  s 
thorough  knowledge  of  the  nerves.     The  sub-occipital  nert? 


Fki.  ni,~TrifntrteKijy;J<i'>/l'i'!'"'t'ri"ri^ilo/thfhtad.    (DUua.) 
A.  ntAon  supplied  by  the  gn'eat  omiiical  nerve :  1),  rcgiini  cupplied  bjr  Uk  toNl  aidfW 
nerve;  C,  reEi""  aupplied  bj  Ibe  nuricuki- temporal  nerve. 

(first  cen'ical),  the  great  and  small  occipital  nerves  (bnurtw 
of  the  second  cervical),  and  the  auricularia  magnua  (a  bnnrh 
of  the  third  cervical)  are  all  distributed  to  the  inff^ptmeat  tf 
the  scalp,  in  the  posterior  region  of  the  head,  covering  tlw 
space  which  extends  from  the  neck  to  the  vertex  of  ibe  cra- 
nium.    The  plate  which  I  now  show  yon  wa«  dedgned  bf 
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HUton/  to  illustrate  the  results  of  careful  exj)eriment  as  to 
the  limits  of  the  cutaneous  distribution  of  each  of  these 
nerves. 

In  my  lecture  upon  the  distribution  of  the  fifth  cranial 
nerve,  I  called  your  attention  to  the  diagnostic  value  of  the 
cutaneous  distribution  of  the  nerves  of  the  ear.    It  may  be 


Fio.  135. — The  nerve  tupply  of  the  posterior  portion  of  head  and  neck,    (Modified  from 

Flower.) 

1,  region  supplied  by  the  great  occipital  nerve  ;  2,  region  supplied  by  the  auriculo-terapo- 
ral  nerve ;  3,  region  supplied  by  the  small  occipital  nerve ;  4,  region  supplied  by  the 
great  auricular  nerve ;  5,  region  supplied  by  the  third  cervical  nerve. 

well  to  again  state  that  the  integument  of  the  pinna  is  sup- 
plied by  the  fifth  cranial,  the  great  auricular,  the  auricular 
branch  of  the  great  occipital,  and  the  small  occipital  nerves,  * 
and  to  impress  upon  you  that  the  limits  of  the  distribution  of 
each  are  now  so  well  defined  as  to  afford  a  clew,  in  many 
instances  where  pain  is  confined  to  this  region,  to  the  seat  of 
the  exciting  cause. 

>  Op.cU. 

*  The  auricular  branch  which  Hilton  lays  stress  upon,  as  supplying  the  lobtde  of  the 
emr  with  sensation,  may  be  given  oflf  either  by  the  anterior  or  posterior  divit^ion  of  the 
teoond  cervical  nerve.  In  the  table  of  the  distribution  of  the  cervical  nerves  I  have  put 
it  down  as  a  branch  of  the  great  occipital  nerve,  since  that  is  its  most  common  origin ;  but 
it,  not  infre<iuently,  is  found  to  arise  from  the  small  occipital  nerve,  in  which  case  it 
would  be  derived  indirectly  from  the  anterior  division  of  the  second  cervical,  rather  than 
from  the  posterior  division. 


The  descending  branches  of  the  superficial  set  of  the  cerrl- 
cal  plexus  {aupi-a-clavictdar)  aiise  from  the  third  and  fuurlli 
cervical  nerves,  and  are  distribiiteil  to  the  integunK>nt  coi- 
ering  the  lower  jwrtion  of  the  neck  and  the  regions  of  the 
sternum,  clavicle,  and  acromion.  The  fact  that  the  tilnmenia 
of  these  nerves  are  distributed  to  the  fascia  co7>eri»ff  ike 
upper  portion  of  the  chest,  below  the  clavicle,  is  made  a 
p()int  of  diagnostic  importance  by  Hiltun,  since  caHen  of  dis- 
ease of  the  spinal  column,  in  the  region  of  escape  of  the  Uiinl 
or  fourth  ceiTical  nerves,  or  the  existence  of  pi-essui-^  alimi; 
the  course  of  these  ner\-es,  have  been  suggested  to  him  bj 
pain  in  this  region,  and  thus  detected  far  away  from  the  seal 
of  pain.  He  siiys  :  "As  nothing  but  the  nervea  can  produfe 
piun,  this  simple  distribution  ought  to  remind  us  of  (he  Girt 
that,  if  a  patient  complains  of  pain  in  this  part  of  the  cheel. 
the  cause  may  lie  in  one  of  two  dii-ections.  It  may  depeoil 
uix>n  disease  of  the  cervical  region  of  the  spine,  or  in  coaaec- 
tion  witli  some  disease  affecting  the  origin  of  the  upper  dfirsBl 
nerves." 

The  cen'icid  plexus  lies  iipon  the  scalenus  raedius  and  the 
levator  anguli  scapulas  muscles,  and  is  covered  by  the  irtenio- 
mastoid  muscle  ;  hence,  all  of  its  superficial  branches  emerp^ 
from  beneath  the  posterior  liorder  of  this  latter  muscle.'  Thi^ 
muscles  which  the  plexus  supplies  directly  are  the  lhr« 
which  lie  in  contact  with  it  and  the  trai)eziH8.  >'ow.  it  will 
be  remembered  that  the  t:ra]>eziu3  and  the  slemn-mostuiil 
muscles  have  another  source  of  nervous  siipjdy,  viz.,  the  spi- 
nal accessory  nerve.*  This  fact  suggests  that  these  mnscttf 
must  each  belong  to  two  gi-oups  :  the  first,  tliose  wMcli  con- 
trol phmiation  ; '  the  second,  those  which  insure  tlie  ordiiutr 
motions  of  the  neck.  In  the  same  way,  the  ])laty»ma  mnsck. 
by  its  nenous  supply,  is  clearly  sUimiied  as  not  only  a  mus- 
cle of  the  neck,  but  also  one  of  expression.*  since  the  tatbi 
newe  supplies  it,  as  well  as  the  cen'ical  plexus. 

'  See  fif^rp  on  page  Mi  of  this  Tolutne. 

*  See  ps^  102  of  ilii)i  Toliime. 
1,  pKTioaR  iMiure,  upon  this  ni 

*  t'ot  the  uctioD  of  this  musulo  ia  tlie  eipreuloa  of  melanulMljr,  sm  iha  h 
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DEEP  BRANCHES  OF  THE  CERVICAL  PLEXUS. 

A  second  reference  to  the  table,  in  which  the  branches  of 
this  plexus  are  shown,  will  enable  you  to  recall  the  subdivis- 
ion of  the  deep  branches.  The  set  that  passes  toward  the 
mesial  line  of  the  body  comprises  the  muscular  filaments  to 
the  recti  muscles,  the  communicating  branches  to  adjacent 
nerves,  and  two  specially  named  trunks,  the  phrenic  and  com- 
municans  noni  nerves ;  while  the  set  which  passes  toward  the 
I)eriphery  of  the  neck  comprises  the  muscular  branches  to  the 
stemo-mastoid,  trapezius,  levator  angnli  scapulse,  and  the 
scalenus  medius,  and  communicating  filaments  to  adjacent 
nerves. 

The  filaments  of  communication  between  the  cervical 
plexus  and  the  pneumogastric,  hypo-glossal,  spinal  accessory, 
fifth  cranial,  and  sympathetic  nerves,  have  been  already  dis- 
cussed in  connection  with  each  of  these  nerves.  They  all  in- 
dicate some  definite  purpose  on  the  part  of  Nature,  and  can 
best  be  reviewed  by  a  careful  perusal  of  the  notes  taken  by 
you  in  the  early  part  of  this  course  of  lectures.  *  Many  of  the 
diagrams  of  the  special  nerves  mentioned  will  make  points 
clear  to  you  which  it  is  useless  to  repeat. 

The  communicant  noni  nerve^  whose  origin  can  be  traced 
to  two  filaments  connected  with  the  second  and  third  cervical 
nerves,  is  of  surgical  interest  from  the  relation  which  it  bears 
to  the  sheath  of  the  carotid  artery  ;  and  the  branches  which 
are  given  oflf  from  the  loop,  formed  by  its  junction  with  the 
descendens  noni  nerve,  can  be  seen  by  referring  to  the  dia- 
gram of  the  hypo-glossal  nerve.*  Occasionally  this  nerve  is 
found  to  enter  the  sheath  of  the  carotid  artery,  and  to  anasto- 
mose with  the  descendens  noni  nerve  in  this  abnormal  situa- 

'  For  the  association  between  the  fifth  cranial  nerve  and  the  second  cenical  in  the  in- 
tegumentary supply  of  the  ear,  see  page  157 ;  between  the  facial  nerve  and  cervical 
ncnres,  see  page  186  ;  between  the  pneumogastric  nerve  and  the  arcade  formed  by  the  first 
and  second  cervical  nerves,  see  diagram  of  pneumogastric  on  page  238 ;  between  the 
spinal  accessory  nerve  and  the  upper  cervical  nerves  and  its  physiological  bearing,  see 
pages  262  and  267 ;  finally,  between  the  hypo-glossal  nerve  and  the  communicans  noni 
nerve,  see  plate  on  page  275  of  this  volume. 

'  See  page  275  of  this  volume. 
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tion."  From  the  loop  which  it  he!p3  to  form,  filaments  a» 
given  to  the  sterao-thyroid,  stemo-hyoid,  and  both  bellies  of 
the  omo-hyoid  muscle.  Thus  these  muscles  are  placed  uodrr 
the  control  of  two  nerves  ;  the  one  {communicans  noni  neTFe) 
enabling  them  to  act  in  harmony  with  the  muscles  of  the  neck. 
while  the  other  (descendens  noni  nerve)  enables  them  to  asssi 
in  depressing  the  larynx  and  the  hyoid  bone,  after  the  bolus 
of  food  has  passed  the  isthmus  of  the  fauces,  thus  acting  in 
harmony  with  the  tongue,  which  is  also  supplied  by  the  hj*po 
glossal  nerve,  ^\''e  can  i)erceive,  tlierefore,  that  these  mus- 
cles are  concerned  in  two  distinct  functions — the  movements 
of  the  neck  and  the  act  of  deglutition  and  speech ;  hence  (hey 
must  of  necessity  be  separately  supplied  by  the  nerves  of  tV 
neck  and  that  of  the  tcmgne,  in  order  to  properly  perform  the 
two  acta  independently  of  each  other. 

The  phrenic  nerve,  called  aLso  the  "  internal  respimtory 
nerve  of  Bell," '  arises,  by  three  heads,  from  the  third,  fonrth, 
and  fifth  cervical  nerves.  Its  course  and  distribution  give  it  a 
surgical  as  well  as  a  physiological  importance.  It  lies  in  front 
of  the  scalenus  anticus  muscle,  and  thus  in  relation  to  ibe 
second  poilion  of  the  subclavian  artery ;  lower  in  the  neck, 
it  passes  between  the  sul)cla,vian  vein  and  the  first  portion  of 
the  subclavian  artery ;  when  it  has  entered  the  superior  open- 
ing of  the  chest,  its  course  upon  the  left  side  of  the  body  liwi 
in  front  of  the  arch  of  the  aorta  and  the  pulmonary  artery. 
but  upon  the  right  side  the  nerve  passes  l)etween  the  sapcrior 
vena  cava  and  the  right  innominate  vein  ;  each  nen'o  ctosbm 
in  front  of  the  root  of  the  corres]>onding  lung,  K>ves  off  trriga 
to  the  pericardium  and  pleura,  and  perfomtes  the  diaphragm, 
to  be  distributed  to  its  under  surface.  Both  nerves  give  fila- 
ments to  the  pluenic  plexus  of  the  sympathetic,  and  the  rifthl 
nerve  furnishes  some  filaments  to  the  diaphnigmatic  gangllua 

The  distribution  of  the  phrenic  nen'ea  to  the  diaphngm 
is  mentioned  by  Hilton '  ns  one  of  the  simple  devicwi  of 

'  II  In  KiinFtimM  loani  bcnnth  the  jiifruUr  Trin,  and,  ooMiionalW,  In  traal  d  It 
'  TliU  nnme  wu  applied  to  ihc  phrenic  ncrro  lij'  Bell.  «iDcc  U  p4Ma  intenMlljt  M  It* 
chest  irall,  sod  aatku  In  the  |ih7>iologic*l  act  of  rpfpiraUon.  '  Op.  tit. 
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Nature  to  guard  the  nerves  from  injury.  I  quote  from  his 
excellent  treatise  as  follows:  "As  a  rule,  nerves  enter  the 
muscles  where  they  will  be  most  secure  from  pressure,  and  it 
is  curious  to  observe  how  careful  Nature  has  been  in  this  re- 
spect to  guard  one  of  the  most  important  nerves  in  the  body. 
The  phrenic  nerves  (our  life  hangs  on  these  threads),  after 
passing  through  the  chest,  traverse  the  diaphragm  and  dis- 
tribute their  branches  to  the  under  surface  of  the  diaphragm, 
and  are  so  situated  that  they  can  not  be  compressed  during 
respiration.  If  they  were  situated  upon  the  upper  surface 
of  the  diaphragm,  where  there  is  a  constant  and  forced  con- 
tact between  the  base  of  the  lung  and  the  superior  aspect  of 
the  diaphragm,  and  esi)ecially  so  during  a  retained  inspira- 
tion, it  is  obvious  that  the  filaments  of  the  phrenic  nerve 
would,  under  such  circumstances,  be  exposed  or  subjected  to 
compression,  and  the  action  of  the  diaphragm  would  be  dan- 
gerously interfered  wth.  The  nerves  are,  however,  distrib- 
uted to  the  under  or  concave  surface  of  the  diaphragm  ;  the 
whole  tendency  of  gravitation  being  to  remove  the  liver,  the 
stomach,  and  the  spleen  away  from  them,  so  as  to  enable  the 
nerves  to  carry  on  their  influence  to  the  diaphragm  unmo- 
lested.'' 

How  extraordinary  is  it  that  the  phrenic  nerve  (a  nerve 
BO  important  to  life)  can  pass  through  the  chest  between  the 
dilated  heart  and  the  inflated  lungs,  and  yet,  as  far  as  we 
know,  never  receive  any  untoward  influence  from  pressure ! 
It  is  true  that  the  lungs  have  a  remarkably  definite  concave 
form  toward  the  heart,  arching  over  the  course  of  the  phrenic 
nerve ;  but,  when  the  lungs  are  emphysematous,  it  seems 
quite  probable  that  these  nerves  might  suffer  from  pressure, 
and  cause  some  difficulty  in  breathing.  When  extravasation 
of  air  occurs  from  rupture  of  the  trachea  or  a  large  bronchial 
tube,  the  patient  dies  rapidly  from  extreme  shortness  of 
breath ;  and  this  can  be  explained  by  the  fact  that  the  air 
enters  the  tract  of  the  phrenic  nerve,  thus  causing  extreme 
pressure  and  death  from  paralysis  of  the  diaphragm. 

The  distribution  of  the  phrenic  nerves  to  the  pericardium 


seems  to  warrant  the  supposition  of  Hilton  that  the 
■nm  may  be  considered  as  a  portion  of  tlie  fascial  t» 
the  diaphragm,  since  it  is  closely  identified  with  it,  and 
npon  by  it,  at  all  times.  It  may  also  be  considered  as  prob- 
able that  the  phrenic  nei-ves  are  endowed  with  some  senior^ 
filaments,'  by  communication  with  other  nerves ;  and  the 
analogy  of  the  pericardium  and  diaphragm  to  a  juint,  so  bfon- 
tifully  pointed  out  by  Hilton,  where  the  fibrous  layer  of  thf 
heart  sac  resembles  the  capsular  ligament,  the  serous  layw 
the  synovial  membrane,  and  the  diaphragm  the  muscle  whJrli 
moves  it,  is  confirmed  by  the  similarity  of  nervous  distribo- 
tion,"  We  know  that  in  pericarditis  the  patients  cotnplsiii 
of  a  sense  of  constriction  and  tightness  in  the  chest,  and  aif 
afflicted  with  a  shortness  of  breath  ;  we  also  s(»e  an  tnfianwti 
condition  of  this  membrane  creating  a  spasm  of  the  dia- 
phnigm.  precisely  as  the  nenes  of  an  inflamed  joint  create  i 
contraction  of  the  adjacent  muscles ;  and  why  are  we  bhI 
justified  in  attributing  these  sjTnptoms  to  the  analogy  which 
anatomy  so  well  sustains,  and  the  axiom  of  nen'e  supply  tu 
joints  seems  to  confirm  J 

CLINICAL   POINTS    PEBTilNINO   TO   THE   CERVICAL    NRBTKS. 

The  distribution  of  the  branches  of  the  upper  four  cervial 
nerves,  which  have  been  considered  in  some  detail  in  the  pR- 
ceding  lecture,  may  be  said  to  furnish  sensory  filatneotA  to 
the  skin  covering  the  occipital  region  as  high  as  the  rert«. 
and  the  integument  of  the  neck,  in  its  jxisttrior  anil  Isfenl 
aspects,  as  far  down  as  the  shoulder.  Tlie  rauE»cnlar  fila- 
ments given  off  by  these  nen-es  have  little  rlinicnl  i&t«n< 
since  the  diseases  which  are  most  frequently  met  are  confinri 
chiefly  to  the  great  occipital  ner\'e,  the  cutaneous  branrh«euf 
the  neck,  and  the  phrenic.     We  will  consider,  therefore,  oaly 

'  Luschki  SDil  Tlcnle  xe^ntA  the  ]>hrenic  la  a  mixed  nrm.  This  Tipw  waw  M  l> 
nwuliinl  b:r  cuKti  ot  Dcural^it  (as  ri'iKirtcd  hy  Fnlot,  PoU-r,  Erb.  nrl  nikm)  sUA  km 
bcm  prodaccd  bv  irriuilon  td  ilib  nerve.  The  doTclopmrnt  of  Ltudika'*  %uijkm  ^a 
lhi«  nerve  koprii  io  br  a  lurlhcr  ciitlrnep  o(  the  ciUtvncc  oi  tco»atj  at  aeU  m  i^* 
llb«rs  within  the  phrenic. 

'  Sue  uioDMi  of  nerve  ilUtribuiion,  on  p«gc  SJ9  of  ibia  volionc. 
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that  type  of  neuralgia  which  affects  the  regions  of  the  occi- 
put and  neck  called  " cervico-occipital  neuralgia"  and  the 
nervous  disorders  dependent  upon  the  distribution  of  the 
phrenic  nerve. 

CermcO'OCcipital  Neuralgia, — This  is  a  rare  form  of  dis- 
ease. It  is  induced  by  exposure,  i>erhaps,  more  frequently 
than  by  any  other  cause.  It  may  be  also  the  result  of  dis- 
eases of  the  spinal  column,  such  as  periostitis,  si)ondylitis  of 
the  cervical  region,  tumors,  and  injuries ;  also  of  wounds  of 
the  nerves,  irritation  of  the  cervical  portion  of  the  spinal 
cord,  enlarged  lymphatic  glands,  neuromata,  tumors  of  the 
neck  or  spinal  cord,  foreign  bodies,  etc.  Aneurism  of  the  ver- 
tebral artery  has  been  known  to  produce  it. 

The  pain  of  this  type  of  neuralgia  may  be  continuous  or 
paroxysmal,  and  either  circumscribed  or  ^ddely  diffused  over 
the  entire  occipital  and  cervical  regions.  In  severe  parox- 
ysms of  i)ain,  the  movements  of  the  head  and  the  acts  of 
speech  and  mastication  may  be  rendered  difficult  or  impossi- 
ble. Movements  of  the  head,  and  the  acts  of  laughing,  sneez- 
ing, and  mastication,  often  tend  to  excite  the  paroxysms  of 
pain.' 

As  in  many  other  forms  of  neuralgia,  certain  points  of  ex- 
treme tenderness,  the  '  ^pwncta  dolorosa  of  Valleix, "  may  be 
detected,  and  these  may  be  distinctly  located  at  the  following 
spots: 

1.  Where  the  great  occipital  nerve  escapes  at  the  occi/pviy 
between  the  mastoid  process  and  the  first  cervical  vertebra. 

2,  Where  the  branches  of  the  cervical  plexus  escape 
around  the  posterior  border  of  the  stemo-mastoid  muscle,  in 
the  middle  point  of  the  neck,  (This  point  of  tenderness  may 
be  absent.) 

8.  Where  the  small  occipital  and  great  auricular  nerves 
escape  to  the  surface,  just  behind  the  mastoid  process, 

4.  Where  the  frontal  branch  of  the  trigeminus,  the  great 
auricular,  and  the  occipital  neiTes  meet,  over  the  situation  of 
the  parietal  protvberance, 

'  The  fixed  attitude  in  which  this  class  of  patients  hold  their  heads  is  very  charactuiutic. 

26 
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5.  Where  the  auricular  Berves  meet,  on  the  concJui  d 


It  ia  the  detection  of  these  points  of  tenderness' 
sists  the  diagnostician  to  discriminate  between  rheamaiH- 
pains  and  those  of  a  purely  neuralgic  character,  and  it  will 
usually  be  observed  that  the  paroxysms  of  i)ain  start  fnau 
these  points  of  tenderness,  Tliis  type  of  neuralgia  is  ofl«i 
associated  with  a  similar  affection  of  the  fifth  ner\'e,  and  ona- 
sionally  of  the  brachial  plexus.  It  may  be  followed  by  nu- 
tritive distixrbances,  such  as  falling  out  of  the  hair  over  tlw 
affected  region.  The  duration  of  this  form  of  neuralgic  pain 
varies  from  a  few  days,  to  weeks,  months,  ur  evtin  years,  dt 
pending  somewhat  upon  the  exciting  cause. 

mSOHUERS  OF   THE    PHRENIC    NEItVE. 

The  phrenic  nen'e  may  manifest  the  effects  of  irtilatloD  b 
the  form  of  neuralgia,  clonic  spasm  (hiccough),  and  tJMik 
spasm  of  the  diaphragm  ;  and  also  tliat  of  a  more  serioos  im- 
pairment of  its  function,  as  diaphragmatic  paralysis. 

Diaphragmatic  neuralgia  seems  to  l»e  manifested  (in 
those  few  reported  cases  which  are  well  authenticated)  l>)ri 
pain  which  begins  in  the  base  of  the  thorax,  at  the  point  "f 
insertion  of  the  diaphragm,  and  which  radiates  upward  into 
the  territory  of  the  shoulder  and  neck,  which  is  suppUul  by 
the  cutaneous  branches  of  the  cervical  plexus.  Th^  potnUi/ 
tenderness  which  exist  in  this  affection  seem  to  be  nmS 
marked  (1)  in  the  region  of  origin  of  the  phrenic,  near  to  tfce 
spinous  processes  of  the  middle  three  cervical  vertebne;  (3) 
over  the  nerve,  as  it  enters  the  supra-clavicular  fossa  ;  aad  (S) 
at  the  anterior  insertions  of  the  dia])hpagm,  l>etween  iJw 
seventh  and  the  tenth  ribs.  It  is  claimed  by  Erb  thai  a  pirtal 
of  tenderness  can  often  be  detected  civer  the  curtilage  of  the 
third  rib,  but  I  find  it  difficult  Ui  explain  this  symptmD  ta 

'  Tbii  point  of  tcndcniMn  U  ofica  ■bicnt. 

*  It  wlU  bp  nollccd  that  thnc  polnlaaf  clnumEcriboil  WndomaM  eoiiupua^  to  Wf  i 
Initutw,  to  xhn  approach  of  tome  nci-vc  or  Its  tcrniiDBl  tllEimiinIa  tt 
iKxIy.    Tbi*  pianliiof  ButHlitiiion  of  it  ncrte  trunk  Intoltabi 
ilw  ECBI  of  tliis  ciocuive  MnaitiTenaH  to  preuuro. 
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anatomical  gn)iinds,  although  its  presence  in  some  cases 
Beema  to  be  proven. 

The  pain  of  phrenic  neuralgia  ia  more  or  less  continuona, 
since  the  incessant  movements  of  the  diaphragm  tend  to  ex- 
cite it ;  but  exacerbations,  of  a  character  closely  resembling 
distinct  paroxysms,  are  often  observed,  when  the  pain  be- 
comes lancinating  and  causes  impeded  respiration.  The 
efforts  of  couphing,  sneezing,  or  exertion  of  any  kind  which 
involves  the  muscles  of  the  trunk,  are  rendered  difficult  and 
painful.  Muscular  debility  and  tremblings  in  the  upjier  ex- 
tremity are  sometimes  present.  As  this  type  of  neuralgia 
often  accompanies  organic  lesions  of  the  heart,  concomitant 
phenomena,  such  as  cardiac  palpitation,  angina  pectoris,  etc., 
may  coexist. 

Although  phrenic  neuralgia  is  not  infrequently  an  inde- 
pendent and  primary  disease  in  the  anaemic  and  nervous  cla8a 
of  patients  (especially  after  exposure  to  cold,  dampness,  etc. ), 
Btiil  it  is  far  more  commonly  met  with  as  a  concomitant  aifeo- 
tion  of  some  other  disease.  It  is  therefore  always  best  to 
look  for  the  existence  of  heart  lesions,  aneurism  of  the  medi- 
astinum, Biisedow'fl  disease,  angina  pectoris,  and  diseases  of 
the  liver  and  of  the  spleen,  since  they  may  explain  the 
phrenic  sj-mptoms  and  modify  the  prognosis. 

The  close  resemblance  which  this  type  of  neuralgia  has  to 
attacks  of  diaphragmatic  pleurisy,  pericarditis,  uncomplicated 
angimi  pectoris,  and  gastralgia,  makes  the  situation  of  the 
diagnostic  jxtints  of  tenderness  an  important  factor  in  the 
discrimination. 

Violent  spasmodic  contractions  of  the  diaphragm,  termed 
clonic  ifpasjii-  or  '■"hiceovf/h,"'  are  accompanied  by  an  inspi- 
ratory sound,  intemipted  by  a  sudden  spasm  of  the  con- 
strictors of  the  glottis,  and  followed  by  a  short  expiration. 
The  symptoms  produced  by  this  condition  dei)end  ujion  the 
intensity  and  duration  of  the  attack.  In  severe  cases  there 
may  he  pain,  eralKurassinent  of  siteech,  dyspncesi,  and  retrac- 
ti<m  of  the  epigastric  region.  The  causes  of  hiccough  may  be 
classed  under  three  heads:  1,  thoso  of  direct  irritation  of  the 
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phrenic,  as  occurs  in  the  ca^e  of  Riediastinnl  tiimnrs,  aneorian 
of  the  ai'ch,  pneumonic  or  jtleuritic  intlanim^ition,  pressure 
from  pleuritic  effusion,  etc.  ;  2,  those  of  a  reflfs  nalaiv,  as 
in  diseases  of  the  urinary  organs,  the  uterus,  and  the  intestinal 
tract  and  the  liver ;  the  initatioa  of  biliary  or  renal  calculi ; 
irritation  of  the  pharynx,  oesophagus,  and  Btotnach ;  and  dis- 
eases of  the  peritouieura  ;  3,  those  of  centi-al  ori^ji,  as  <K?cQn 
in  hysteria,  local,  brain,  or  spinal  diseases,  blood  ]>oLsontng 
(as  in  the  fevers,  cholera,  dysentery,  etc.)-  aft*^  emotional 
excitement,  and  from  the  general  amemia  of  nerve  cenitn 
after  hemorrhage.  You  cjin  see  from  this  list  of  caiisi^  that 
the  symptom  of  hiccough,  if  occuriing  late  in  connectidD  with 
any  form  of  disease,  may  be  a  most  serious  sjTuptom, 

Tonic  spasm  of  the  diaphragm  is  a  rarp  form  of  du«eaae. 
It  has  been  called  "diaphragmatic  tetanus."  The  sympliiiiM 
of  this  obscure  affection  ha,ve  been  develojjed  through  the  px- 
periraents  of  Buclienne  upon  animals,  and  the  cjireful  obser- 
vations of  Valette,  Fischl,  Vigla,  Oppolzer.  Duohenm^  ami 
others  upon  man. 

The  patient  is  at  once  markedly  asjihiTtiale*!,  the  liver  ia 
displaced  downward  by  the  contracted  diaphraj|rni ;  the  lowm 
half  of  the  thorax  is  enlarged  and  rendered  immovable ;  tlw 
inspirations  are  extremely  short,  and  the  expirations  arenobiy 
iind  prolonged.  The  face  shows  the  evidences  of  anxiety  and 
cyanosis  ;  the  pulse  is  slow  and  diminished  in  volatne;  ud 
the  voice  is  monotonous  in  tone,  and  often  interrupted. 
Acute  pains  pervade  the  lower  regions  of  the  thorax,  ud 
shoot  over  the  epigastrium.  Wliile  one  case  seems  to  bar* 
ended  fatally,  all  other  rejiorted  cases  have  recovered. 

Paralysis  of  the  diapkragw.  may  occur  as  a  symploni'if 
hysteria,  lead  poisoning,  the  advanceil  stages  of  jirofimnTr 
muscular  atrophy,  and  paralysis  nf  the  bulbar  nurlnl  )i 
may  be  also  produced  by  the  extensiim  of  intiammntinn  in 
cases  of  pleurisy  or  peritonitis,  thus  creating  oxadadoB  uf 
suppuration  in  the  substance  of  the  muscle. 

When  this  condition  is  fully  deve]o]>ed,  the  abdomtnl 
walls  are  retracted  during  each  in-i^piratory  eflfort^  while  tke 
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lower  portion  of  the  thorax  is  distended ;  in  expiration,  how- 
ever, the  hypochondriac  region,  as  well  as  the  epigastric, 
sinks  in,  while  the  chest  becomes  diminished  in  its  capacity. 
The  respiration  becomes  slow  and  difficult,  and  speaking  or 
muscular  movements  increase  the  embarrassment  of  this  func- 
tion. The  voice  is  usually  enfeebled,  and  may  be  entirely 
lost.  The  liver  tends  to  rise  in  the  chest,  during  inspiration, 
rather  than  to  be  displaced  downward  into  the  abdomen. 

THE  FOUR  LOWER  CERVICAL  NERVES. 

As  was  the  case  with  the  four  upper  nerves,  which  escape 
from  the  cervical  portion  of  the  spinal  cord,  the  four  lower 
divide  into  anterior  and  posterior  divisions,  as  soon  as  they 
escape  from  the  spinal  foramina.  The  anterior  divisions  of 
each  join  to  form  the  brachial  plexus  of  nerves,  which  sends 
filaments  of  distribution  to  the  neck,  shoulder,  upi>er  ex- 
tremity, and  side  of  the  thorax.  The  posterior  divisions  do 
not  form  a  plexus,*  but  are  separately  distributed  to  the  semi- 
spinalis,  complexus,  splenius,  and  trapezius  muscles,  and  then 
send  twigs  to  the  integument*  over  these  muscles,  viz.,  over 
the  region  of  the  spine  in  the  lower  part  of  the  neck. 

The  following  table '  will  assist  you  in  mastering  the  con- 
struction of  the  brachial  plexus,  and  in  understanding  the 
plates  of  that  complicated  mesh- work  of  nerves.  It  may  be 
well  to  remark  that  the  diagi^ams  of  this  plexus  are  seldom 
alike  in  the  works  of  any  two  authors ;  since,  if  they  are 
intended  to  be  accurate  representations  of  the  parts,  they  nat- 
urally tend  to  show  the  gi*eat  dissimilarities  which  exist  in 
the  union  of  the  diflferent  nerv^es  which  help  to  form  it,  while, 
if  purely  diagrammatic,  no  two  authors  would  naturally  fol- 
low the  same  schematic  plan.  Notwithstanding  the  dissimi- 
larities which  exist,  there  are,  however,  points  of  resemblance 

•  In  the  case  of  the  three  upper  cervical  nerves,  an  anastomosis  of  the  posterior  di- 
▼isions  occurs,  to  which  Cruveilhier  applies  the  term  "  posterior  cervical  plexus." 

•  See  researches  of  Cruveilhier,  Sappey,  Hirschfeld,  and  others. 

•  Modified  from   tables   in  "  The  Essentials  of  Anatomy "  (Darling  and   Ranney). 
G.  P.  Putnam's  Sons,  New  York,  1880. 
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in  them  all,  which  consist  in  the  delineation  of  an  outer  cord 
formed  by  the  fifth,  sixth,  and  seventh  cervical  nerves ;  an 
inner  cord  formed  by  the  eighth  cervical  and  first  dorsal 
nerves  ;  and  a  middle  cord  formed  by  a  branch  from  both  the 
outer  and  the  inner,  which  subsequently  unite. 


THE  BRACHIAL  PLEXUS. 
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This  table  and  the  diagram  (after  Gray)  shown  on  the  next 
page  will  help  to  make  clear  the  method  of  construction  of 
the  brachial  plexus,  and  the  main  branches  which  are  given 
off  from  its  different  portions.  It  >vill  be  perceived  that  the 
branches  of  distribution  are  subdivided  into  two  sets :  thoee 
given  off  above  the  line  of  the  clavicle  and  those  given  olf 
below  that  line.  The  former  set,  if  traced,  will  be  seen  to 
supi)ly  the  muscles  of  the  scapular  region,  some  of  the  mus^ 
cles  of  the  neck,  the  serratus  magnus  (a  muscle  of  respiration  k 
and  the  subclavius.  The  branch  of  communication  which 
helps  to  complete  the  formation  of  the  phrenic  nerve  is  alw 
shown  to  arise  from  the  fifth  cer\'ical  nerve.     The  branches 


'  TIio  posterior  cord  of  the  brachial  plexus  b  formed  bj  a  branch  from  both  Uw 
and  outer  cord. 
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which  are  given  oflE  below  the  line  of  the  clavicle  are  distrib- 
nted  to  the  mnacles  of  the  upper  extremity,  and  will  be  con- 
sidered in  detail  ia  subsequent  tables  and  diagrams. 


Ctmricni,.  n>OnA\ 

£tH  -— ,,^^\\-— --COMMyNlCATIWC 


Fasciculus  FROM  4'^  CtRV  W. 

Phrcnic. 


-SuFFiA  Scapular. 
^—  LIKE  OF  Clavicle. 


Pia.  136. — A  Sngram  of  Ihe  brachial }dcxta  and  ift  bi-anc!ta.    ((tiny.) 

Varieties,  more  apparent  than  real,  are  frequently  met 
with  in  the  formation  of  this  plexus,'  resulting  from  the  cor- 
responding increase  or  diminution  in  the  size  of  the  above 
anastomotic  branches,  and  of  the  portion  of  the  posterior  cord 
which  is  given  off  by  the  seventh  cervical  nerve.  The  poste- 
rior cord  may  be  occasionally  formed  by  tlie  seventh  cen'ical 
nerve  alone  ;  while  it  may  in  some  instances  l>e  formed  by  two 
bands,  iirising  from  the  fifth  and  sixth  nerves,  without  any 
assistance  from  the  seventh  nerve.     Other  x-ariations  may  re- 


'  The  dissections  nnd  [ja[)cr  of  It.  C.  Liicai  upon  ' 
1875)  >nd  the  dcscripUon  nf  tins  plexiu  \iy  Ui:ti\b  » 
die  AbDonDklftiefl  of  ite  formation. 


ii  point  ("Guj'a  Hospital  Eeports  " 
ta  to  coDGvm  cacti  otbei'  ta  regarJa 
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suit  from  tlip  branches  (tf  the  plexnsbeinggivenofFata  higbn 
oi"  lower  point  llnin  usual,  and  iilso  by  the  seventh  nen'e  Join- 
ing the  plexus  at  a  higher  ur  lower  level  than  normal. 

The  brachial  plexus,  as  a  whole,  is  broad  between  the  mid- 
ille  and  anterior  scaleni  muscles,  at  which  point  it  lies  )innM>- 
diately  abom  the  second  portion  of  the  subclavian  artery ;  il 
is  contract^'d  in  size  opposite  the  clavicle,  where  the  outer 
and  inner  cords  lie  on  the  outer  side  of  the  third  portiitn  of 
the  subclavian  artery ;  and,  in  the  axilla,  it  again  expand-v 
the  three  cords  bearing  the  relation  to  the  second  ptjrtion  of 


»(/  lAt/nl  Ainai  n 


(Htab- 


I,  4a(«ri(ir  bnuidlof  tbe  Gtlh  cvrrica),  ordlaaril;  imitcd  Billi  Ihc  siidi  nrTkat  btf wt  A 
(idiDg;  2,  kntcrinr  bntiicb  of  ilw  niith  cervical;  S,  >at«cltit  tmntb  at  ihc  mart 
mrvk'ttl  I  4,  anlfriur  Uranrh  of  llie  ci^th  ocrriral ;  G.  inlriior  bnork  oT  ihr  iM 
duraal ;  It,  oiipn  at  (he  tubcUtUn  nerre ;  7,  iHMieriar  iliondc  uiitas  titim  tW 
Bfth,  littli.  and  acronth  crrvkal  iwrres:  S,  sapn-KapnUr ;  D.  toomt»  t(«ak  *f 
of  tbe  bnuicbca  suppljiDg  tbaletUoTMij^liKspiUnaDdlbcrbainbiHiU;  liLi^Mb 
MibrcapnUr :  11,  aiitrrior  Ihancic  braDi'^e«i  IS,  inferior  tnbwapoUr:  ISiluaBiA- 
■(•{Milari  U,  tppar«ie  bnunA  to  itie  l«T«a  major:  IS,  drretoSai  tmrn;  M^htr 
Intwnal  outanHHu;  17.  intirul  ctituMMw;  18,  nlur;  1»,  oR^ian ;  Sn.  oMHfe 
■pirali  ai,  ndul. 

the  axillary  artery  which  tlieir  names designat*>.  Tbiu  U  will 
1)8  )>erreive<l  that  this  plexus  has  importjuit  surgiral  relaliijiu 
with  the  last  two  portions  of  the  subclavian  artery  and  the 
two  uppt>r  portions  of  the  axilhu-y  artery,  Th*»  tenniaal 
branches  of  the  three  cords  are  also  in  relation  with  the  thinl 
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portion  of  the  axillary  artt'Fy,  since  they  almost  entirely  sur- 
round it. 
'  The  jireoeding  cnt  of  tlie  brachial  plexus,  taken  from  the 

BjBnperb  anatomiral  work  of  Sajtpey.  will  enable  you  to  ron- 


Fio.  \Z6.—C<^laimd  brnndta  of  the  hTethial  plciu*.  (Oirschfeld.) 
I,  urcBdc  fiirmcd  b;  ibe  suiatxomon»  ot  the  descending  lirnoch  of  ttii;  hypo-giossal  with 
Iho  Internal  discending  brunch  of  the  cervtcitl  plexus;  3,  pneumngastric  nerrc;  3, 
phrenic  nerre;  4,  anterior  branch  of  tltH  tiflh  Mrrical  palf;  G,  anterior  brancll  of 
the  (ixth  ecnrical  pair  ;  6,  anterior  branch  of  tJie  seventh  eervical  pair ;  T,  S,  anterior 
bnineb  of  the  eighth  ei^t-viisl  pair  and  first  darsal  pur;  6,  6,  bnnoh  to  the  iaticln- 
Tliismnscle;  10,  long  thoracic  norve ;  II,  ncrre  to  the  poctnraiia  major  givin-  ulfa 
Slamcnt  to  anastomose  with  Chat  auppljin);  the  pectoralia  minor ;  12,  aupra-scapular 
nerve  paanng  under  the  corsooid  ligamenl;  13,  nenre  supplying  the  pectoraiii  minor 
miiKcie  \  14,  branch  ■upplving  the  prdoraiia  minor  muscle  given  oif  froni  the  one 
which  RuppliDs  the  pealomliB  major  muscle ;  16,  inferior  branch  of  the  gubwapularia ; 
I  a,  nerve  to  the  teres  major  miiAcle;  IT,  nerve  to  the  InliMimus  dorai  muscle;  18, 
auceasory  branch  of  the  internal  cutaneous;  19.  an  anastomosis  of  Ihia  branch  with 
the  pcrtnnting  brancti  of  the  second  inlerisuUl  ocrvc ;  30,  ramiUcalioo  of  ibc  sc- 
cessorj' branch  of  the  internal  cutaneous  nerve;  SI,  internal  cutaneous  nerve;  ii, 
nlnw  nerve ;  a,  median  nerve ;  a4,  musculo-cuta neons  nerve ;  SB,  radial  nerve. 

■ast  the  diagrammatic  plate  of  Gray  '  with  the  a 
mtation  of  the  parts  under  consideration, 

'  Sec  page  380  of  tills  volume. 
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COMMUNICATIONS   OF  THE   PLEXUS. 

The  brachial  plexus  communicates  with  the  cervical  plexus 
by  a  branch  which  joins  the  fourth  and  fifth  nerves,  and  by 
one  head  of  the  phrenic  nerve.  It  also  sends  filaments  to  the 
middle  and  inferior  cervical  ganglia  of  the  sympathetic, 
and,  in  this  way,  anastomoses  with  the  corresponding  filaments 
of  the^r^^  dorsal  nerve. 

NERVES  OF  THE  UPPER  EXTREMITY. 


BRANCHES  OF  THE  OUTER  CORD  OF  THE  BRACHIAL   PLEXUS.* 


f      (1)  External 

ANTERIOR  THO- 
RACIC   


1 


Pectoralis  major. 


(2)  External 
or  urscuLo-cu- 

TANEOUS 


Branches  of 

the  OUTER 

CORD  of  the  ■{ 
brachial 
plexus. 


(3)  Median  . .  -{ 


Coraco-brachialis, 

Biceps, 

Brachialis  anticos. 

IrUcffumeni  of  the  front  of  foremrm. 

Integument  of  ball  of  thumb. 

Joins  with  the  radial  nerve. 

Integument  of  radial  side  of  back  of  fore. 

arm. 
Joins  with  the  radial  ncrre. 
Joins  with  the  external  cutancoot  bram'k 

of  the  musculo-apiral  nerve. 

Articular  ^  m     i.        •  :^* 
Kmnnh        To  elbow  joint 


f  Muscular 
branches. 


Anterior 
branch. 


Posterior  ^ 
branch. 


branch.    S 


In  fore- 
ami. 


In  the 
hand. 


OU8. 

Palmar 
ciitanc- 

OU."*. 


External 
branch. 


) 


I 


{Pronator  radii  teicn. 
Flexor  carpi  radialis, 
fHilmaris  longus. 
Flexor  sublimis  diptomm. 

(its  outer  hair^ 
Pronator  quadratusu 
LUegwnent  of  palm. 
Integument    of    ball    of   the 

thumb. 
Abductor  poUiciff, 
Opponens  |H>ilici9, 
Flexor  brevis  poUicis  (outer 

head), 
Diaital  to  thumb  (palmar  nr- 

face). 
Digital  to  Index  fin<7cr  <outir 

side). 
Digital  to  contiiruaQiw  ride*  •  f 

index,  middle,  and  rin^  fia- 

gera, 
[    i>rancn.       Filaments  to  the  two  oaitt 

lumbricales  mudclcfk 


Internal 
branch. 


*  Modified  from  a  tabic  in  "The  Essentials  of  Anatomj**(  Darling  and  Raimej).    (■  P. 

Putnam's  Sons,  New  York,  1880. 
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BRANCHES  OF  THE   INNER  CORD   OF  THE   BRACHIAL   PLEXUS.* 


'  (1)  Internal  an- 
terior thorac- 
ic. 


(2)  Internal  cu- 
taneous. 


(S)  Lesser  in- 
ternal cuta- 
neous. (VVris- 
berg.) 


Branches  of 

the    INNER 

coRDofthe 
brachial 
plexus. 


Anterior 
branch. 

Posterior 
branch. 


(4)  Ulnar. 


Both  pectoral  muscles  (since  its  filaments  lie  above 
and  underneath  the  pectoralis  minor  muscle). 

Irdegumeni  of  the  anterior  surface  of  the 
inner  side  of  the  forearm  as  low  as  the 
wrist 
Integument  of  the  posterior  surface  of  the 
inner  side  of  the  forearm  to  near  the 
wrist. 
May,  occasionally,  be  wanting  (the  intercosto-humcral 

nerve  taking  its  place). 
Integument  of  the  posterior  surface  of  the  lower  third 
of  the  arm  (joining  with   the  intercosto-humcral 
nerve  and  the  posterior  branch  of  the  internal  cu- 
taneous nerve). 

'  Articular  (to  elbow  joint) — several  small 
filaments. 

Flexor  carpi  ulnaris, 
Innei'  half  ot  flexor  pro- 
fundus digitorum. 
Palmar  euta-  (  Integument    of    front    of 
\       wrist  and  palm  of  hand. 
(  Integument    at    back    of 
wrist  and  one  and  one 
\       half    fingers   on  inner 
side  of  dorsal  surface 
of  hand. 
-{  To  wrist  joint. 
(  Palmaris  brevis, 
J   Integument  of  inner  one 


In  the 
forearm. 


Muscular. 


neous. 

Dorsal   cuta 
ncous. 

Articular. 


) 


In  hand.  ^ 


Superficial 
branches. 


Deep 

branches. 


and  one  half  fingers  on 
palm. 

Muscles  of  little  finger, 

Interossei  muscles, 

The  two  inner  lumbricalcs, 

Adductor  pollicis, 

Flexor  brevis  pollicis  {in- 
ner head. 


The  accompanying  tables  will  afford  iis  a  better  conception 
of  the  distribution  of  the  branches  of  the  three  main  cords  of 
the  brachial  plexus  than  a  long  verbal  description ;  while  they 
will  also  enable  us,  in  studying  the  practical  points  suggested 
by  the  distribution  of  each  branch,  to  use  the  eye  as  well  as 
the  intelligence  in  following  the  subsequent  lectures.  It  is 
often  impossible  for  one,  not  previously  familiar  with  the 
detail  of  the  nerve  distribution  of  any  part,  to  appreciate  all 
the  deductions  which  may  be  drawn  by  an  author,  without 
much  labor  in  reviewing  the  preceding  text  of  the  work  which 
he  may  be  endeavoring  to  master ;  and  I  believe  that,  in  fol- 

*  Modified  from  a  table  in  "  The  Essentials  of  Anatomy  "  (Darling  and  Ranney). 
New  York :  G.  P.  Putnam's  Sous,  1880. 
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lowing  these  lectures,  these  tables  will  greatly  assist  in  such 
review,  as  well  as  in  affording  you  a  chart  which  can  be  used 
as  a  guide  to  the  preliminary  study  required  in  your  future 
attempts  to  master  other  treatises. 

BRANCHES  OF  THE  POSTERIOR  CORD  OF  THE  BRACHIAL   PLEXUS,* 


(I)  Subscapular 

NERVES. 


(2)  Circumflex. 


Branches  of 

the  POSTE- 
RIOR CORD  -( 

of  the  bra- 
chial plex- 
us. 


(3)  MusruLO- 
sriRAL. 


or*?^*^*  ]  Subscapular  muscle. 

^o^r2dT    I   Latissimus  dorsl 

The  lovcer.  \  „% 
or8d.       ]   Teres  major. 

Superior    j   Deltoid. 

{   Inteffument  over  the  back  of  the  shoolder. 
C  Teres  minor, 

J   Deltoid  (posterior  portion), 
j   Integument  over  the  outer  part  of  the 
1^      shoulder. 
Triceps, 
Anconeus, 
Brachialis  anticus, 
Supinator  longus, 
^  Extensor  carpi  radialia  longior. 
^  IntcgumetU  of  the  inner  and  posterior 
portions,  and  the  outer  and  anterior 
portions  of  arm. 
Integument  of  the  outer  aspect  of  the 
forearm. 

ilntegnmeni  of  outer  tide  of 
thumb. 
iHtegwneni  of    ball  of   the 
thumb. 
Internal    i  Integument  ot  %\  finjpn*  oa 
branch.  <      radial  side  of  doma  of 

f      hand. 
All  muscles  on  back  i  Ancooeiia, 
of  forearm  except  <  Supinator  lomnif, 
three     .     .     .     .  (  Ext. carp. rad.loof. 
Filaments  to  the  wrist  joint. 


branch. 

Inferior 
branch. 


Muscular 
branches. 


Cutaneous 
branches.  "* 


Radial 

NERVE. 


Posterior 
interosse- 
ous nerve. 


There  are  still  some  points  pertaining  to  the  individual 
branches  of  the  brachial  plexus  which  can  not  be  shown  in  a 
tabular  arrangement,  but  which  are,  nevertheless,  important 
as  they  will  enable  you  to  better  understand  the  surgical  and 
medical  aspects  which  are  constantly  brought  to  the  attention 
of  the  active  practitioner.  In  order  to  avoid,  as  far  as  possi- 
ble, any  important  omissions,  and  to  afford  you  a  more  prac- 
tical insight  into  the  uses  to  which  a  knowledge  of  the  nerves 
can  be  applied,  I  will  ask  you  to  follow  me  in  a  review  of  the 


^  Taken,  by  pcnni.<43i(m  of  the  piibli!«hers,  from  **Thc  Essentials  of  Anatomj  **  (Dar- 
ling and  Ilanney).     New  York :  G.  P.  Putnam^s  Sons,  1880. 


THORACIC  AND  MUSCULO-CUTANEOUS  NERVES.        385 

nerves  of  the  upper  extremity,  using  the  tabulated  charts* 
as  a  means  of  reference,  should  you  become  confused  as  to 
the  source  of  origin  of  the  nerve  under  discussion,  or  fail  to 
grasp  its  subdivisions  and  their  distribution. 

THE   ANTERIOR  THORACIC   NERVES. 

These  two  nerves  are  termed  the  external  and  the  internal, 
since  one  arises  from  the  outer  cord,  and  the  other  from  the 
inner  cord  of  the  brachial  plexus.  The  external  is  sometimes 
also  called  the  superficial,  since  it  crosses  in  front  of  the  ax- 
illary artery  and  vein  to  reach  the  under  surface  of  the  great 
pectoral  muscle ; '  while  the  internal  is  also  called  the  deep, 
since  it  passes  between  the  same  artery  and  its  accompanying 
vein,  to  be  distributed  to  the  under  surface  of  both  the  great 
and  small  pectoral  muscles.  The  two  nerves  are  connected 
with  each  other  by  a  loop  situated  on  the  inner  side  of  the 
aidllary  artery.  It  is  probable  (following  the  axiom  of  Hilton 
as  to  the  cutaneous  distribution  of  nerves)  that  the  skin  over 
the  pectoral  region  receives  filaments  from  these  nerves  as 
well  as  from  the  intercostal  nerves.  As  the  pectoral  muscles 
are  agents  in  effecting  inspiration,  when  any  impediment  ex- 
ists to  breathing,  as  in  asthma,  etc.,  these  nerves  might  be 
classed  as  respiratory  in  function,  although  that  is  not  their 
most  frequent  use. 

THE   EXTERNAL  CUTANEOUS  OR    MUSCULO-CUTANEOUS    NERVE. 

This  nerve  and  its  branches  will  be  found  given  in  the 
table  of  the  subdivisions  of  the  outer  cord'  of  the  brachial 
plexus.  It  passes  through  the  belly  of  the  coraco-brachialis 
muscle  (hence  the  name  "musculo-cutaneous"),  then  l)etween 
the  biceps  and  the  brachialis  anticus  muscles,  to  a  point 
slightly  above  the  external  condyle  of  the  humerus,  where  it 
perforates  the  deep  fascia  and  divides  into  its  cutaneous 

'  See  pages  382,  383,  and  381  of  this  volume. 

•  The  anterior  fibers  of  the  deltoid  muscle  arc  said  to  be  supplied  chiefly  by  the  tho- 
racic nerves,  as  revealed  by  clinical  facts. 
'  See  page  382  of  this  voluiuo. 
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We  would  also  expect  that  any  injury  *  to  the  trunk  of  this 
nerve  would  be  followed  by  paralysis  or  atrophy  of  these 
three  muscles,  as  well  as  by  a  condition  of  hypercesthesia  or 
ansesthesia  in  the  portions  of  integument  supplied  by  its  ter- 
minal filaments  (the  radial  side  of  the  forearm  and  the  ball  of 
the  thumb);  provided  that  the  nerve  be  irritated  or  only 
I)artly  destroyed,  as  shown  in  the  first  case,  or  entirely  de- 
stroyed, in  which  case  the  latter  condition  should  ensue. 

It  is  a  well-recognized  surgical  fact  that  an  inflamed  condi- 
tion of  the  elbow  joint  tends  to  create  flexion  of  the  forearm, 
by  a  contracted  state  of  the  brachialis  anticus  and  biceps 
muscles ;  and  the  distribution  of  the  musculo-cutaneous  nerve ' 
to  the  joint,  as  well  as  to  these  two  muscles,  enables  us  now 
to  understand  why  the  irritation  of  the  articular  branches  of 
this  nerve  should  manifest  itself  in  a  contracted  state  of  the 
muscles  supplied  by  it. 

The  relation  of  this  nerve  to  the  median -cephalic  vein  will 
also  explain  why  venesection  at  the  elbow  is  liable  to  be  fol- 
lowed by  the  so-called  ''bent  arm."  This  fact,  which  has 
been  explained  by  some  authors  as  the  result  of  an  injury 
done  to  the  fascia,  is  much  more  intelligently,  to  my  mind,  at- 
tributed by  Hilton  to  an  injury  done  to  the  filaments  of  the 
musculo-cutaneous  nerve,  resulting  in  a  sympathetic  contrac- 
tion of  the  flexors  of  the  elbow. 

An  exostosis  growing  from  the  humenis,  or  the  existence 
of  a  tumor  in  the  region  of  the  course  of  this  nerv^e,  might 
ca,use  a  similar  rigidity  of  the  elbow  joint,  accompanied, 
moreover,  by  a  pain  which  would  follow  the  course  of  the 
nerve  to  its  terminal  filaments.  It  has  been  suggested,  by 
the  author  above  quoted,'  to  apply  anaesthetics  over  the 
course  of  thio  nerve  in  order  to  insure  relaxation  of  the 

*  Hilton  reports  a  case  where  an  officer  in  the  navy  presented  a  very  marked  instance 
of  injury  done  to  this  nerve  alone.  It  caus(»d  paralysis  and  atrophy  of  the  three  muscles 
ffopplicd  by  the  musculo-cutaneous  nerve  ;  but  a  perfect  recovery  took  place  in  alwut  two 
years,  in  spite  of  the  atrophy  which  at  first  existed. 

•  The  ulnar  ncr\'c  ai.so  furnishes  filaments  to  the  elbow  joint  and  supplies  the  flexor 
muscles  of  the  forearm.  This  may  also  tend  to  explain  the  surgical  fact  that  flexion 
follows  inflammation  of  the  elbow. 

'  Hilton,  op.  cii. 
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muscles  supplied  by  il;  when  the  elbow  is  thus  flexed.  Miny 
cases  may  be  cited  from  different  surreal  and  medical  au- 
thors, to  Ulastrate  the  dia-gnostic  viUne  of  this  and  other 
nerves,  in  determining  accurately  the  seat  and  character  of 
disease  which  is  producing  distress  to  the  patieni ;  bui.  aa 
this  aid  to  diagnosis  has  already  tx-en  discussed  ul  scnw? 
length  in  previous  lectures,  I  will  sim])ly  mention  it  as  an 
incentive  to  anatomical  study. 

Tlie  cutaneous  distribntirm  of  tliis  nerve  will  be  made  clear 
by  refemng  to  the  diagram  which  I  now  show  you."  TV 
clinical  value  of  the  cutaneous  nen-es  has  already  been  re- 
ferred to  in  previous  lectures.'  It  will  therefore  siilSc«  lo 
again  mention,  in  this  connection,  that  hypt'rffisthesia,  kwal 
pain,  local  points  of  tenderness,  and  antesthesia  have  often  a 
most  direct  and  positive  bearing  upon  iliaguoHis ;  and  tlw 
asnoms  given  in  the  first  lecture  upon  the  spinal  nenes  will 
prove  most  valuable  as  guides  to  the  projwr  appreciation  of 
their  significance. 

It  may  strike  some  of  yon  who  have  thought  deeply  con- 
cerning the  peculiarities  of  nerve  disttibution,  that  Hiis  nem- 
ought  to  stop  at  the  elbow,  since  it  has  supplied  all  of  ibt 
muscles  before  it  reaches  that,  point,  and  has,  therefore,  appar- 
ently pei-formed  its  function  ;  and  this  feeling  will  possibly 
lie  strengthened  by  the  axiom  given  yoii  in  a  previuuit  lec- 
ture,' viz..  that  a  nerve  is  always  assiwiati.'d  with  thai  p«irfi<>ii 
of  the  integument  which  covers  the^o(«/*  of  insertion  of  ib^- 
muscles  to  which  it  furnishes  motor  pcjwer.  If  you  will  ex- 
amine closely,  however,  into  the  insertion  <ir  the  bioeps  miu- 
cle,  you  will  observe  that  it  is  intimately  connected  with  liw 
fascia  of  the  forearm — so  intimately  that  this  faM'ia  is,  in  re- 
ality, an  inherent  ]mrt  of  tlie  insertion  of  that  muscle,  ThL\ 
then,  confirms  not  only  the  truth  of  tlie  general  axiom  ^ilvfl 
by  Hilton,'  bnt  also  exjilains  to  the  intiuiring  mind  why  ilit- 
ner\'e  should  l>e  continued  downwanl  to  the  wrist,  since  il  ha* 
to  do  so  in  order  to  cover  the  skin  over  one  of  tlie  most  impnr- 

•  Se«  [Mg«i  3SD  mil  SCO  oC  Ihb  nAmmm. 

*  Op-rii. 


B  Bpi-trocblear  branch  from  Ibe  miiaciilo^pirnl  nerve  annvtomnBing  bv  n 

the  anterior  branch  of  tlic  same  acne ;  10,  10,  anterior  brancli  of  tli«  [nt^rual  cutn- 
rm  dividing  into  acvursl  bran-cbes,  some  of  which  pass  in  front  of 
■nd  olbers  behind  the  intillnn  builic  vein ;  11,11,  musculo-tmlaoeou*  nerve  croasinj 
the  uponouroais  of  the  arm  outside  of  the  tendon  of  the  biccpa  muscle ;  13,  IS,  di- 
Tiniool  of  the  eitpro]!]  ciitaneoui  branch  of  the  radial  distributing  theniaelvea  to  the 
akin  of  the  posterior  portion  of  the  forearm  ;  18,  IS,  IS,  divisions  which  the  anterior 
branch  cf  the  inteni&t  cutuncoua  fumiihes  to  tbe  farcann;  14,  anuiomo^s  of  one 
le  divisions  with  a  perforating  branch  of  the  ulnar  nerrc ;  IS,  IS,  IS,  tcnni- 
nal  diviiiona  of  the  RHtacnln-eutaneoiis  nerve;  16,  snastomoais  of  one  of  those 
diiisions  with  17.  the  (ermlnil  anterior  branch  of  the  radial  ncrte;  16,  palmar 
nch  of  tlic  median ;  IS,  internal  branch  of  distribution  to  the  thumb ; 
SO,  external  branch  of  distribution  to  the  same;  31,  external  brandi  of  distri- 
bution to  the  index  fin^r;  SS,  trunk  of  ibe  brandies  of  distribution  to  the  in- 
ternal side  of  the  index  and  eitcmat  aspect  of  middle  Bnger; ;  23,  common  trunic 
of  distribution  to  the  internal  aide  of  the  middle  and  eilernal  side  nf  the  ring 
fingers ;  S4,  trunli  of  distribution  to  the  iatcrnal  side  of  the  ring  and  external  siile 
of  the  little  finger;  IS,  braneh  of  distribution  to  the  internal  side  of  the  little 
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fuUy  confirm  this  siime  general  law,  AVe  see  the  ini 
spiral  nerve  sending  a  filament  to  nearly  the  same  region  as 
tlie  muscnlo-cutiineous,  bec-ause  it  supplies  the  snpinaror  lon- 
gus,  which  is  situated  npon  the  outer  side  of  the  foreana; 
while,  again,  the  internal  cutaneous  nerve  (which  jiropwlT 
may  be  considered  as  a  bmnch  of  the  median,  sine*.-  it  arwrt 
by  a  common  head)  supplies  the  skin  of  the  inm^r  side  of  ili« 
anterior  surface  of  the  foi-eai-m,  for  the  evident  n?:isvin  tha: 
the  muscles  supplied  by  the  median  are  extensively  attached 
to  this  same  fascia. 

CUSICAL     POISTS    PERTAISISO     TO    TOE    MUSCULO-ClTAXEOf* 
XEBVE. 

A  paralysis  limited  to  this  nen-e  is  an  unusual  ocrurreiKy, 
It  may  be  produced,  however,  by  any  form  «C  injury  iir  irf 
local  pressure  which  alone  involves  this  nerve  trunk,  and  it 
must  be  situated  in  the  region  of  the  curaco-brachialis  rauscto 
to  create  impairment  of  all  of  its  filaments  of  distributiun. 
Complete  paralysis  of  this  nerve  causes  tcftal  paralyjua  of  the 
biceps  and  coraco-bi-acliialia  muscles,  but  only  a  partial  liw 
of  power  in  the  brachialis  anticus,  since  that  ninscle  b  also 
furnished  with  a  filament  derived  from  the  mnseulo-spinl 
ner>-e.  The  akin  of  the  outer  border  of  the  foreann  U  also 
rendered  anajsthetic  when  this  ner^'e  is  injured.  .\s  a  mmlt 
of  paralysis  of  the  muscles  named,  the  jHiwer  to  flex  fie  /on- 
arm  upon  the  arm  is  grently  impaired,  and  would  be  10(11117 
lost  if  the  supinator  longus  and  a  part  of  the  bmchiali*  anti- 
cus muscles  were  not  capable  ot  assisting  that  inorein«tiL 
These  latter  muscles,  being  supplied  by  the  muticnlo-5piral 
nerve,  still  i-etain  their  power  of  contraction ;  hence  the  diffi- 
culty in  performing  flexion  of  the  foreann  is  grvnier  whrti 
the  hand  is  supinated,  as  the  supinator  tongus  no  liingeriKts 
to  any  great  extent  as  a  flexor.-  The  seat  ot  the  ameathesia 
is  a  valuable  guide  to  the  nerve  affected,  as  the  muKritlocnta- 

'  Thv  aiigilTuiIor  diii«cIc  <f>  art  iinpnnanl  tU  in  flexion  of  the  fbroara,  aba  Ac  !■•' 
iiprmalrit :  liiit  it  Is  of  little  value  m  a  Bcxor  after  the  funotiim  vt 
pcrfonucd  bf  it 
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neoiis  nerve  may  possibly  be  involved,  withont  any  impair- 
ment of  the  other  branches  of  the  outer  cord  of  the  brachial 
plexus. 


Til.  141. —  CtUawtut  nertet  of  the  tliouMer  and  pmftriir  surface  of  the  arm.  (Sappc;.) 
1,  1,  temitial  latnificatioos  of  the  Bupra-acromi.tl  branch  of  (he  cervical  pleiua  ;  3,  cuU- 
ucoUB  branch  ot  the  Kiillnry  nerve  ;  S,  .mother  culnneous  branch  ot  the  same  nerve 
tniTenina  the  posterior  border  of  Ihe  dcltoiil ;  4,  tt-nninal  divigione  of  the  perforat- 
ing brtnch  of  (he  Beconil  intcreostBl  nerve ;  5,  perforating  brsneh  of  the  third  in- 
tercostal nerve;  6,  internal  ciitaneoua  branch  of  the  inii8culo.spirttl  nerve ;  7.  epi- 
trochlear  branch  of  the  internal  eulancoua  ncric ;  8,  posterior  division  of  the  ulnar 
bianeb  of  the  internal  culancons ;  B,  eitemal  culnncoua  division  ot  the  radial 
nerve;  10,  10,  latcmal  cutaneous  filament  of  the  radial  nerve. 
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While  this  nerve  arises  by  tvvo  heads,  derived,  respectively, 
from  the  outer  and  inner  cords  of  the  brachial  plexus,  it  has 
been  classed  as  a  branch  of  the  foiiner.'    Tliis  nerve  bears  a 

I  The  reader  Ii  referred  to  the  tabic  on  page  37S  of  this  volume. 
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surgical  relation  to  the  brachial  artery^  since  it  lies,  at  first, 
upon  the  outer  side  of  that  vessel,  then  crosses  it,  and,  finally, 
reaches  its  inner  side  at  the  bend  of  the  elbow.  It  enters  the 
forearm  between  the  two  heads  of  the  pronator  radii  teres 
muscle,  passes  down  the  middle  line  of  the  anterior  surface  of 
the  forearm  till  it  reaches  the  annular  ligament  of  the  wrist, 
then  passes  underneath  the  arch  formed  by  that  ligament, 
when  it  becomes  flattened  and  expanded  in  front  of  the  flexor 
tendons  in  the  palm  of  the  hand,  and  finally  terminates  in 
branches  to  the  muscles  and  integument  of  the  hand  and 
fingers.  The  table,  which  has  been  referred  to  in  previous 
lectures,*  will  show,  more  plainly  than  a  tedious  verbal  de- 
scription, the  parts  supplied  by  this  nerve  in  the  different  por- 
tions of  its  course.  This  nerve,  in  connection  with  its  fellow, 
the  ulnar  nerve,  furnishes  motor  power  to  all  the  fiexor  and 
pronator  muscles  of  the  forearm,  and  all  the  muscles  of  the 
palm  of  the  hand ;  the  median  supplying  all  the  muscles  on 
the  anterior  surface  of  the  forearm  but  one^and  a  half  (the 
flexor  carpi  ulnaris,  and  one  iialf  of  the  flexor  profundus  digi- 
torum),  and  four  and  a  half  muscles  on  the  radial  side  of  the 
palm  (as  shown  by  the  table).  Now,  as  the  ulnar  nerve  sup- 
plies all  the  rest  of  the  muscles  of  the  anterior  surface  of  the 
forearm  and  hand,  these  two  nerves  may  be  considered  as  the 
flexor  ^Ti^  pronator  nerves  of  those  regions.' 

The  cutaneous  distribution  of  the  median  nen^e  is  of  in- 
terest, since  it  confirms  the  axiom  *  of  nerve  distribution  to  the 
integument  over  the  muscles.  AVe  find  that  the  median  sends 
no  cutaneous  filaments  to  the  dorsal  surface  of  the  thumb,  but 
that  it  does  supply  its  palmar  surface  ;  the  dorsal  surface  is 
covered  with  the  extensor  tendons,  which  owe  their  motor 
power  to  the  radial  nerve,  and  the  skin  is  therefore  supplied 
from  the  same  source.  The  sides  of  the  outer  two  and  a  half 
fingers  (those  adjoining  the  thumb)  are  likewise  supplied 

'  See  page  882  of  this  Tolume. 

•  In  speaking  of  the  combined  action  of  the  median  and  ulnar  nerves,  Hilton  says : 
**  These  nerves,  together,  supply  all  the  flexors  of  the  wrist  joint,  fingers  and  thumb,  all 
the  pronators  of  the  radio-ulnar  joints,  and  all  the  joints  that  these  muscles  move/* 

'  See  page  357  of  this  volume. 
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FlQ.  liS.—Braeliii'lponion  oflhr  munrrdo-  FiO.  1*1.—  Trrminal portiaH  »/IAi  m^» 

nUaue-ut,  mcilian,  and  utnar  ntrva.  u-iii  ulnar  turvt*.     |>ia|ipcj.) 

1,  tnui>culi>-cuIuiPDu«  nervG ;  S,  branch  to  the  coraro-brncliialts  minclc :  It.  braiuk  ■■  ik 
bic«ps  mimcle;  4,  branch  In  tht-  bi-schinlU  antlLiis;  R,  uiutoinolic  lilMnvBt  ahU  il 
recelTcs  from  the  OK^diBn  nprvo:  U.  division  of  Ibis  TixTtt  wherp  it  En;«M«  Iki  q* 
neunuis  uf  Lbe  arm ;  7,  niuN:ulo-»piraI  nvrre  pauing  brtwwn  the  br»dii*li>  ntW 
and  aupinalor  lonf^is  muscles;  8,  external  ciit4neoaa  braneb  of  tl»  iiiihlmIii  i|in) 
none ;  S,  trunii  of  the  internal  cuuneous  dividing  just  below  il>  origl■^  Iku  fnte 
off  an  accesscny  branch;  ll>,  anterior  or  ulnar  branch  of  Ihianrrrr;  1 1,  to  ilw 
portion  of  the  median  and  ulaarnerves;  IS.  antebracbial  |Mrdaa.  palnMi  aad  A^ 
brandies  of  tho  same  nerve;  13,  branch  (o  the  pronator  rsilii  leivsi  14,  tnnk  d 
tbcse  antprior  muunilar  brancbes  clirldinic  and  paasing  to  tbe  mtuvlm  Is  «IM  tto; 
•re  distributed;  IE,  branch  to  the  fleior  profundus  dif^lomm;  16.  brmndi  •>  d* 
Hfzor  longii9  pnllicis ;  1 T,  anlerinr  lulerOHXCOiis  branch ;  IB,  palmar  CBIaut—'  IkmA 
dividing  just  below  its  origin;  19,  muscular  branch  of  ih«  thnuf  vmliMat:  SCva- 
temal  branoh  of  distribution  to  the  tbutnb;  SI,  internal  branch  of  iU*trib«ibaB  HiV 
Hmc;  Ijj,  ettcmal  branch  of  distribution  of  the  index  ^a-xt  \  13,  innMii  tmt  rf 
tbe  internal  branches  of  distribution  to  the  index  6n|!cr  anil  enniMl  lo  ihr  «M^ 
flnircr;  24.  Internal  trunk  of  ilisiribution  lo  the  midilio  and  ctiemal  biaa^  mAi 
rim:  flnger;  ill,  braneh  which  the  uln>,r  ncrro  furnishes  in  ilio  flctor  aofk  ■■»■<•: 
SA,  branchei  wbiuli  tbe  same  nerve  furnishes  to  the  i»o  inlomal  taadnfi  ■(  <tt 
fleior  pnifuoduB  digitorum;  S7.  cutaneous  and  anaslomotie  filammt  ol  ih*  akw 
nenrc  t  SB.  dorml  branch  of  tbis  nerve ;  SH,  ita  superficial  palnar  bnndt :  M  (^ 
tuoD  tiiiah  of  the  Internal  branch  of  diiiribution  ut  tile  ring  uul  «xtn«Bl  bsuA  ■ 
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the  little  finger;  31;  internal  branch  of  distribution  to  the  little  finger;  82,  deep 
palmar  brunch ;  33,  small  branch  to  the  hypo-thenar  eminence ;  34,  branches  to  the 
muscles  of  the  fourth  interosseous  space  and  the  fourth  lumbricalis  muscle ;  35, 
branches  to  the  muscles  of  the  third  interosseous  space  and  the  third  lumbricalis 
muscle ;  36,  branches  to  the  adductor  pullicis  and  nmsclcs  of  the  first  and  second 
interosseous  spaces. 

with  integiimentary  branches  from  the  median,  the  balance 
being  supplied  by  similar  branches  of  the  ulnar  nen-e. 

The  two  outer  lumbricales  muscles  are  enumerated  in  the 
preceding  tables,  as  supplied  by  the  median,  and  the  remain- 
ing lumbricales  and  interossei  muscles  by  the  ulnar  nerve. 
Now,  the  method  of  insertion  of  the  tendons  of  these  muscles 
(into  the  extensor  tendon  of  the  con^esponding  finger,  on  its 
dorsal  surface)  causes  these  muscles  to  flex  the  proximal 
phalanx^  and  extend  the  two  remaining  phalanges  *  of  each 
finger.  We  find,  therefore,  that  the  nerve  branches,  which 
supply  these  muscles,  send  cutaneous  filaments  to  the  dor- 
sal surface  of  the  two  terminal  phalanges  of  the  finger  upon 
which  the  individual  muscles  act,  thus  apparently  confirming 
the  extensor  action  of  the  muscles,  since  the  distribution  of 
nerves,  derived  apparently  from  a  flexor  source,  comprises  a 
region  covered  by  the  extensor  tendons  of  the  fingers. 

CLINICAL   POINTS   PERTAINING   TO   THE   MEDIAN   NERVE. 

The  median  nerve  is  rarely  affected  with  paralysis,  to  the 
exclusion  of  other  nerves.  If  such  a  condition  exists,  it  may 
probably  be  traced  to  some  local  injury,  such  as  cuts,  frac- 
tures of  the  humerus,  the  use  of  badly  constructed  cnitches, 
contusions  over  the  course  of  the  nerve,  gunshot  wounds,  un- 
skillful venesection,  local  pressure  from  tumora,  abscess,  etc. 
It  may  possibly  be  due  to  rheumatism,  neuritis,'  neuromata, 
and  central  causes.  The  muscles  of  the  ball  of  the  thumb, 
which  are  supplied  by  this  ner^^e,  are  frequently  the  seat 

'  Hunter,  (M eland,  Duchenne,  Erb,  and  others  consider  the  interoascl  muadcs  alone  as 
extensors  of  the  two  terminal  rows  of  phalanges.  Clinical  facts  obser^'ctl  in  lead  paraly- 
se and  in  divi>ion  of  the  ulnar  nerve  seem  to  point  to  these  muscles  rather  than  to  the 
lumbricales,  although  Hilton  groups  the  lumbricales  and  interossei  muscles  as  possessing 
a  common  function. 

*  This  condition  may  follow  any  acute  disease.  It  is  one  of  the  sequelae  of  typhoid 
fever. 
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of  a  progressive  muscular  atrophy  and  its  consequent 
vsis. 

From  what  has*  alreadv  beeu  said  respecting  the 
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show  a  loss  of  power,  in  case  the  median  be  injured,  and  the 
muscles  of  the  thumb  give  evidence  of  the  diseased  condition. 
You  will  find,  in  such  cases,  that  the  second  phalanges  of  all 
the  fingers  and  the  third  phalanges  of  the  index  and  middle ' 
fingers  can  not  be  flexed,  and  that  the  thumb  can  not  be 
flexed  or  brought  into  contact  with  the  little  finger.  On  the 
other  hand,  fiexion  of  the  first  phalanx,  with  extension  of  the 
other  two,  can  be  performed  in  all  the  fingers  by  the  aid  of 
the  interossei  which  are  supplied  by  the  ulnar  nerve.  The 
position  of  the  thumb  is  peculiar;  it  is  extended  and  ad- 
ducted  and  thus  closely  applied  to  the  index  finger,  as  in  the 
hand  of  the  ape.  The  hand,  when  flexion  at  the  wrist  is 
attempted,  is  strongly  adducted  by  the  action  of  the  flexor 
carpi  ulnaris,  as  the  antagonistic  muscle  of  the  radial  side  is 
paralyzed.  The  act  of  pronation  of  the  hand  is  seriously  im- 
X>aired.  The  inner  three  fingers  can  be  brought  into  a  par- 
tially flexed  condition,  since  the  flexor  profundus  digitorum 
muscle  is  partly  supplied  by  the  ulnar  neiTe.  These  com- 
bined effects  give  to  the  hand  and  fingers,  and  especially  to 
the  thumb,  a  position  so  peculiar  that  paralysis  of  the  median 
could  hardly  be  mistaken  by  an  anatomist  for  any  other  de- 
formity. When  the  paralyzed  muscles  begin  to  show  the 
results  of  atrophy,  the  deformity  in  the  forearm  and  in  the 
ball  of  the  thumb  will  further  assist  in  the  diagnosis  of  this 
affection. 

The  anastomosis  which  exists  between  the  cutaneous  nerves 
of  the  forearm  will  possibly  tend  to  explain  the  fact  that  com- 
plete destruction  of  the  median,  ulnar,  or  radial  nerves  may 
exist  without  any  marked  loss  of  sensibility  m  the  regions 
supplied  by  the  afl^ected  nerve.  Should  any  such  evidences 
of  disordered  sensibility  be  present,  however,  it  will  be  con- 
fined to  the  region  supplied  by  the  nerve  which  is  the  seat  of 
disea^se,  or  whose  conducting  power  has  been  impaired  from 
any  cause.  If  the  median,  ulnar,  or  radial  nerves  be  injured 
below  the  wrist,  the  absence  of  anastomosis  tends  to  make  the 

*  The  flexor  sublimis  digitorum  being  completely  paralyzed,  and  the  flexor  profundus 
digitorum  being  partially  deprived  of  its  motor  power. 
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BjTnptom  of  anffisttesia  a.  constant  and  imiwrtanl  guide 
nerve  affected. 

In  severe  pamlysia  of  the  median  nerve,  the  first  thrw 
lingers '  not  infrequently  show  titiphic  distiirbanres  in  th* 
skin  and  nails,  suoh  as  glossy  fingei's,  ulceration,  pemphi^ 
vesicles,  abnormal  gi-owth  of  hair,  etc. 

The  i-elation  of  the  median  nen'e  to  the  brachial  arterr 
gives  to  it  a  surgical  importance.  It  will  be  obaerved  thai 
the  ner\'e  lies,  at  first,  to  the  outer  side  of  that  vessel ;  lalM 
on,  it  crosses  it,  and  finally  passes  to  the  inner  side  of  the 
artery  in  the  region  of  the  elbow. 


These  two  ner^'es  arise  fi'om  the  inner  cord  of  tlte  brachial 
plexus,  in  commctn  with  the  inner  liead  of  the  median  and  ih* 
ulnar  nerves. 

The  internal  cutuneous  nerte  accompanies  the  brorlufll 
artery,  lying  npon  its  inner  side  and  in  front  of  the  X^saet  in- 
ternal cutaneous  ner\'e,  till  the  basilic  vein  pierces  the  deep 
fascia,  when  the  nerve  accompanies  the  vein  and  soon  divides 
into  an  anterior  and  posterior  branch,  whose  distribution 
will  l>e  found  given  in  preceding  tables.  It  assists  the  comrw- 
humeral  nerve  in  supplying  the  integument  over  the  bireps 
muscle,  and  sends  filaments  to  the  skin  of  the  forearm  as  loir 
down  as  the  wrist.' 

The  lesser  internal  cutaneous  nerve,  called  also  the  nwn-  of 
Wrislierg,'  has  the  same  general  origin  as  the  preening  aervtr, 
except  that  it  arises  slightly  below  it.  Like  the  former  nem, 
it  accompanies  the  brachial  artery,  lying  ui>on  its  inner  ade 
and  l)ehind  the  nerve  just  described,  and,  after  its  wsoipc 
from  the  fascia,  it  supplies  the  skin  of  the  lower  third  of  ibr 
arm,'  becoming  joined  to  the  posterior  branch  of  the  iotenol 

'  Thow  aJjaining  the  thiitnb.    Seo  Bgurc  oa  page  39S  of  tLla  Tolumr. 

*  1^«  cut  on  pige  SVil  ot  Ihia  rolinnc. 

*  For  (lie  region  at  iruliincuiis  liUlributioD  to  this  Derre,  the  reader  b  rafentil  U  A' 
diagrmnnialiD  vM*  on  rigci>  Sf^O  and  tiBd  of  tbls  rolume. 

*  Sw  fis-  ^^^  "^  tbU  Toluac 
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HI), — Cufani-otu  ncri'a  of  Ihe  ifiiul-       FlO.    141. — Culanfoaii  tuTivt   of  the   a , 

dtr  and  anlfrior  mrfucc  of  Ike  arm.  riw  mrfaei  of  llic  foi-cai'm  and  hamL   I 

(Hincbfeitl.)  (Hinchfeld.)  ' 

1,  divinoos  of  the  sujini-iicrainial  brnndi  of  tbe  cerrlcnl  plexus ;  2,  2,  S.  terminal  ranil>  ] 
ficatiMia  ot  thu  uutvneoiia  dlvlsioii  of  the  drcumflei  ocrre  ;  3,  iliTision  af  tbc  inter-  I 
nol  eulaneoUH  Dcrre  ot  the  arm ;  4,  smnll  filament  from  ihe  pcrforitiing  branch  of  I 
the  second  intcrcoitui  nerve ;  B,  eitenml  ctiLaneous  branch  from  the  musculo^piral  r 
nerrc;  8,  internal  cutaiiwua  branch  cnwsing  the  sponcurwU  nf  the  arm;  T 
trochlear  branch  ot  this  ncrrc,  aniistoiiiDaiDg  by  a  division  vith  S.  Ihe  ulnar  nerve,  I 
and  V,  U,  with  the  anterior  braacb  of  the  vuoe  nerve ;  10,  10,  natcrinr  branch  of  the  ] 
Internal  <nitaneoua  of  the  ann,  dividln;;  into  leTeral  branclics,  some  ot  which  pa^s  in 
front  of  and  others  behinil  the  iiiedlan-bnallic  rein :  11,  11,  musculo-cutancoui  nerre  1 
croising  the  ii|H>nourosls  of  the  unu  DUt«<dc  of  the  tendon  ot  the  Iriccpa  muiclc ;  13,  I 
IS,  divialang  of  tlie  ontcmai  culaneona  branch  of  the  radial,  distributing  tbemleltoa  i 
to  the  skin  of  the  ponlerior  poi-tion  of  the  forearm  ;  13,  1.1,  13,  diviuons  which  the  J 
anterloT  branch  of  the  intcraal  cutaneous  furnishes  to  the  forearm ;  14,  anasloniosla  1 
of  one  of  these  diviaiims  vilh  a  perforating  branch  of  the  ulnar  nerve;  IH.  1 
terminal  divisions  of  the  miiBculo-cutancou*  n^rvc  ;  IB.  annstmnosis  of  one  of  tbe»e  j 
divisions  with  17.  the  terminal  anterior  branch  of  the  radial  nerve;  IR,  palmar 
ncoua  branch  of  the  median ;  19,  internal  branch  of  oiMribiiticn  to  Ihe  thumb ;  20,  I 
external  branch  of  distribution  to  tbc  same;  SI.  external  brooch  of  distribution  to  t 
the  index  fln^r ;  22,  trunk  of  the  branches  of  distribution  to  ttie  internal  side  ot  iha  I 
index  and  external  aspect  of  middle  Gngers ;  S3,  common  trunk  of  distribution  to  the  I 
internal  side  of  the  middle  and  exIemaJaide  of  the  rinfi  fint:cr« ;  !4,  trunk  of  diitri-  I 
butlon  to  the  internal  side  of  the  ring  and  eitemal  side  of  the  Utile  finger ;  S^  f 
branch  of  distribution  to  tbc  internal  aide  of  the  little  finger. 


TUE  SPINAL  XEEVES, 

cutaneous  nerve  or  to  the  intercoato-humeral  nen-e.  The  site 
of  this  nerve  varies,  as  it  is  often  supplanted  by  the  intemwt- 
to-humeral '  nerve,  which  is  then  of  extremely  larj^  size.  In 
this  case  the  nerve  of  ^Vrisberg  may  be  entirely  wanting, 
and  the  intercosto-humeral  nerve  act  independently  of  aay 
communication  with  the  brachial  plexus. 

TOE    TLNAR   SERVE. 

This  nerve  arises  from  the  inner  cord  of  the  brachial  plex- 
us, in  common  with  the  internal  cutaneous  and  the  nerve  of 
Wrisberg,  as  well  as  with  the  inner  head  of  the  median  nerve. 
It  bears  a  surgical  relation  with  the  third  portion  of  the  ax- 
illary artery  and  the  upper  part  of  the  brachial  artery,  ftinre 
it  lies  internally  to  and  in  close  proximity  with  both  ;  bnt  it 
gradually  separates  from  the  brachial  artery  as  it  passes  dcrnn 
the  arm.  It  perforates  the  deep  fascia  of  the  arm  in  company 
with  the  inferior  profunda  branch  of  the  brachial  artTy,  ami 
descends  in  a  groove  between  the  olecranon  process  of  the 
ulna  and  the  inner  condyle  of  the  humerus,  until  it  omen  the 
forearm  by  passing  between  the  two  heads  of  the  Sexor  cupi 
ulnnris  muscle.  In  the  forearm,  this  nerve  bears  a  relation 
with  the  ulnar  artery,  especially  in  the  middle  nnd  lower 
thinls  of  that  region  ;  the  artery  lying  upon  the  oiitc-r  trid«  uf 
the  nene.  At  the  wrist,  this  nerve  winds  around  the  oot« 
side  of  the  pisiform  bone,  crosses  the  annular  H^ment.  and 
divides  into  its  two  terminal  branches.  The  tabulated  ar- 
rangement of  the  branches  of  distribution  of  the  ulnar  nen'r' 
will  show  the  mtiscles  supplied  by  it,  both  in  the  forearm  and 
hand.  It  is  important  to  remember  that  this  nerve  gives  fil»- 
ments  ift  both  the  elbow  and  wrist  joints,  and  that  its  cutane- 
ous branches  are  confined  to  the  fingers  and  palm  «f  ibf 
hand. 

By  a  glance  at  the  diagrammatic  representation  of  the 
regions  of  the  integument  of  the  upper  extremity,  supplied 
by  individual  nenes  (see  Figs.  145  and  153),  you  wIB  i>er 
c«ive  that  the  ulnar  nene   supplies  the  dorsal  and  patntar 

■  A  branch  of  lUv  Bocoad  intercMlnl  nerve.  ■  Se«  pa-e  1S8  uf  Ibta  1 1  Iim  i 
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148.— /)■,.:.    .    ■', /    .■    ii."snlla-  fta.  'H'i.— Je'inina! jXH-fiono/ Hir  nrrJiaH 

tnuMuln-cuMneoua  nervn ;  3,  branch  tn  the  coi'Dai>brachm!U  muscle :  H,  branch  to  th« 
biceps  niusule ;  4,  bmach  to  tlie  bracliialU  auticiis ;  n,  unastornotlc  fliitineni  whSuh  it 
raoei*es  from  tlie  modlon  nerve ;  i!,  divi^on  vt  IhU  ocrre  wliero  li  cmese«  the  tpo- 
neuro^a  of  the  arm;  ^,  musuulo-apiral  oerre  passiug  between  thv  brachlslU  sntlcus 
And  saplDntor  longus  muscleg ;  8,  eitemikl  cutuneouB  branch  of  the  iDiiBculo-Epinil 
ncrvs ;  0,  trunk  of  (he  intcninl  cutancoua  dividing;  just  beloir  its  ori;;in,  thus  giyina 
alt  an  auceBaorr  branch ;  10,  anterior  or  ulnar  brandi  of  thia  ncrrc ;  1 1,  bnichlnl 
portion  of  the  roodisn  and  ulnar  oerres ;  12,  nnlebrachial  portion,  paliiiar  and  dJdial 
bnmchcs  of  the  aune  nerve;  13,  bnmtdi  to  Iho  pronator  radii  teres;  14,  trunk  of 
tbcM  anterior  muscular  branuhen  dividing;  and  pautng  to  the  tnusclm  to  which  thej 
are  distributed;  ID,  branch  to  the  flexor  profundus  di^plorum;  IH,  branch  lo  the 
ftoior  longiiapnilieii;  1 7,  anterior  interoxscous  branch ;  1 8,  palmnr  cutaneous  branvb 
diTJiiinRJOHt  below  its  origin;  18,  mHSealar  branch  of  the  thenar  eminence ;  20,  cl- 
Icrnal  bntnoh  of  diBCribiition  to  the  thumb ;  21,  internal  branch  of  distribution  to  the 
■une;  il,  external  branch  of  distribution  of  the  Indoi  Go^kt;  23,  commou  trunk  of 
Uie  iniomnl  branches  of  distribution  to  the  index  Snjrer  and  eiicmal  to  the  mtdiile 
Sngor;  M,  internal  trunk  of  distribution  to  Che  middle  and  external  branch  to  the 
ring  Bilker;  S5,  bi'aneh  which  the  ulnar  nerve  furnishes  lo  the  flexor  carpi  ulnaris; 
S8,  bnnch»  which  the  same  nerve  fumiehea  to  the  two  internal  fasciculi  of  the 
flexor  profundus  digilorum;  27,  cutaneous  and  nnnstomotio  filament  of  the  ulnar 
nerre ;  !8,  doii'ol  brnneh  of  Ihie  nerve ;  an.  Its  superficial  iialmar  bmnoh ;  80,  com- 
mon imiik  of  tbc  lucemRl  bruueli  of  distribution  to  tlie  ring  and  citcninl  bi-anch  to 


the  little  finger;  31 ;  internal  brnnch  of  distribation  to  tlie  Unic  II 
p&luiar  bruiub  ;  SH,  amull  biiinch  la  the  bjpo-lheDar  emiDence ;  S4, 
mUBclea  ot  Ihu  fourth   inleroaMOua   apace  anil  Iho  fonrlh   lumbrinli*  C 
branches  to  tlie  muwilo  of  the  third  iaterosgeout  'pace  and  the  third  I 
ttjuacle;  3H,  liranclics  to  the  udducCor  pullicis  uud  luiudcs  uf  the  Om  tad  MSal 
Inturodsemu  spaceB. 

surfaces  of  the  inner  one  and  a  haJ/  fingers,  thus  leaving 
three  and  a  half  fingei-s  upon  the  palm  fur  the  mediuD  nerve, 
and  three  and  a  haK  fingers  on  the  back  of  the  hand  for  the 
radial  ner^■e  to  supply.  Thus  the  integument  of  the  pftlni  ia 
as  equally  divided  between  these  thi-ee  nerves  as  could  WfU 
be,  as  the  ulnar  has  a  total  of  tliree  fingers  (one  and  a  half 
on  both  the  palm  and  back  of  hand),  and  the  other  two 
nerves  three  and  a  half  fingers  each. 

CUSICAL    POINTS   OP   1XTEHEST    PERTAISISO    TO   TUB    rLS,\R   XEBVl. 

The  superficial  situation  of  this  nerve  in  the  arm,  near  tbe 
elbow  and  at  the  wrist,  would  seem  to  suggest  that  paralysis 
of  this  nen'e  would  I>e  a  matter  of  common  occurrence,  as  \\ 
is  api>arently  exposed  to  injiiiy.  It  is,  uevertheless,  hitn- 
quently  aifected  with  traumatic  paralysis.  The  causes  which 
reported  cases  show  to  have  produced  this  condition  include 
about  the  same  list  of  accidents  as  mentioned  in  cunnertinD 
with  paralysis  of  the  median  nerve :  but  sleeping  ni»«m  tbe  arm 
when  placed  l>eneafh  the  head,  the  nse  of  jroorly  coustnided 
crutches,  fractures  and  dislocations  at  the  shoulder,  tumors, 
contusions,  wounds  of  all  kinds,  neuritis,"  and  ueun^mata  are 
among  the  most  common.  Resting  upon  the  elbow  has  b*en 
reported  by  Duchenne  as  a  cause  of  this  type  of  imralysbin 
a  certain  class  of  workmen  ;  and  the  so-called  "injury  hi  tlir 
funny  bone,"  which  consists  ot  a  contusion  over  the  seal  trf 
the  ulnar  nerve  at  the  elliow,  seems  to  justify  the  roDclnsuai 
that  this  might  easily  be  the  seat  of  i>aralysis  fnmi  loog-con- 
tinned  or  constant  pressure. 

It  is  a  rule  among  surgeons,  when  oiierating  aliont  tfce 
elbow  joint,'  to  guard  against  injury  to  the  ulnar  nerve,  «p*- 

'  RoBcnthal  Btatcs  that  this  coadliion  ia  most  freijueni  nfter  ivphoid 

■  Thia  U  Fsppcinllj  important  In  nrtnon  ot  thii  joint,  m  Wk  Dcrre  U  apt  »  W  i^M* 
In  raising  tho  iK'nosIcum  fivn  ibc  bone. 
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daily  when  the  steps  of  the  operation  bring  the  knife  in 
proximity  to  the  inner  condyle  of  the  humerus. 

As  has  been  mentioned  in  connection  with  the  median  nerve, 
the  ulnar,  as  well  as  the  median  nerve,  may  be  considered  as 
a  pronator  and  flexor  nerve  of  the  wrist  and  a  flexor  nerve 
of  the  fingers,  since  the  distribution  of  the  two  is  confined 
exclusively  to  the  anterior  surface  of  the  foreann  and  the 
I)almar  surface  of  the  hand.  The  table  of  the  branches  of  the 
ulnar  nerve '  will  help  us  to  readily  appreciate  the  i)eculiari- 
ties  of  ulnar  paralysis  from  a  theoretical  standpoint,  and  to 
properly  interpret  the  phenomena  when  met  in  actual  expe- 
rience. 

We  can  see,  by  reference  to  the  table,  that  the  fiexor  carpi 
ulnaris  and  the  greater  pail;  of  the  flexor  profundus  digito- 
rum  muscles  would  be  paralyzed,  and  that  the  muscles  of 
the  hypothenar  eminence,  as  well  as  the  interossei  muscles 
of  the  hand,  the  two  inner  lumbricales,  a  part  of  the  flexor 
brevis  poUicis,  and  the  adductor  poUicis  would  be  similarly 
affected.  Now,  the  clinical  evidences  of  this  form  of  paralysis 
are  in  i)erfect  accord  with  these  facts.  We  find  that  the  ad- 
duction of  the  hand  is  no  longer  performed  in  a  i)erfect  man- 
ner, since  the  flexor  carpi  ulnaris  can  no  longer  act  in  unison 
with  the  extensor  carpi  ulnaris ;  that  flexion  of  the  hand  is 
performed  imperfectly  and  by  means  of  the  flexor  of  the  ra- 
dial side  of  the  forearm  only,  since  that  muscle  is  supplied 
by  the  median  nerve ;  that  the  ability  to  move  the  little  fin- 
ger is  almost  entirely  abolished  ;  that  complete  flexion  of  the 
inner  three  fingers  is  rendered  difficult  and  sometimes  impos- 
sible ;  that  the  fingers  can  not  be  separated  from  each  other, 
or  compressed  into  a  close  lateral  juxtaposition,  owing  to 
paralysis  of  the  interossei  muscles ;  and  that  both  flexion  of 
the  first  phalanx  and  extension  of  the  two  terminal  pha- 
langes of  all  the  fingers  are  rendered  impossible,  for  the  same 
reason. 

WTien  the  ulnar  nerv-e  is  paralyzed  above  the  wrist,  so  that 
the  interossei  and  lumbricales  are  alone  paralyzed,  the  hand 

'  See  page  383  of  this  volume. 
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assumes  a  dingnostic  attitude,  the  so-called  "  claw-handf*  In 
which  the  extensor  communis  digitornm  nrnscle  extends  the 
Jiret  phalaiiges  of  all  of  the  fingers,  while  the  other  two  ntira 
of  phalanges  are  flexed  by  the  common  flexor  nmscles  of  ihr 
fingers  (the  interossei  and  Inmbricales  being  no  longer  able  Ut 
flex  the  first  row  of  phalanges  or  to  extend  the  tw»>  other 
rows).  This  same  condition  of  the  hand  may.  however,  N? 
produced  by  a  condition  of  progressive  mnRciilar  atrophy  of 
these  muscles. 

It  must  I)e  remembered  that  this  condition,  if  dependent 
upon  ulnar  x>anilysia  alone,  is  more  marked  in  the  iiM  fruter 
fingers  than  in  the  three  outer,  since  the  Inmbricales  are  sup- 
plied in  part  by  the  median  nen'e ;  and  tliis  clinical  fact  seems 
to  stamp  the  action  of  the  Inmbricales  as  similar  to  that  of  tlie 
interossei.  Finally,  the  eff'ects  of  ulnar  paralysis  may  b? 
manifested  in  the  movements  of  tlie  thumb,  since  it  supplirt 
two  muscles  which  control  it.  This  will  l>e  most  apparml 
when  you  instruct  the  patient  to  press  the  thumb  forriHr 
against  the  metacarpal  bone  of  the  index  finger,  or  to  addon 
the  thumb,  since  both  of  these  motions  will  be  rendered  dlffl- 
cult  or  impossible. 

These  disturbances  of  motility  create  serious  distarbofltes 
in  those  common  functions  in  which  the  hand  is  of  the  moat 
Bervice.  >A'riting,  drawing,  the  playing  of  musical  instn- 
ments,  etc.,  are  rendered  difficult.  The  mnscles  which  m 
supplied  by  the  median  and  radial  nerves  are  still  able,  how- 
ever, to  direct  the  hand  and  fingers  in  many  arts  which  ciiii' 
tribute  to  the  comfort  of  the  jwitient.  In  those  cases  wbrre 
the  muscles  of  the  thenar  eminence  (supplied  chiefly  by  ILp 
median  nen'e)  ai-e  simnltaneously  affected,  the  use  of  the 
hand  is  almost  entirely  abolishe*!. 

THE  SCBSCAPCLAK  NEBTES. 

Tliese  three  nerves  ai-e  given  off  by  the  posterior  cord  of 
the  brachial  ])lexu8.  They  are  called  the  upper,  long,  aoA 
lower  subscapular  ner^'es  by  some  authors,  while  (he  numeriral 
prefixes  of  first,  second,  and  third  are  ajiplied  to  tliem  I'j 
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others.  As  will  be  seen  by  the  table  of  the  branches  of  the 
posterior  cord  of  the  brachial  plexus,  *  the  first  or  upper  nerve 
supplies  the  subscapular  muscle,  the  second  or  long  nerve 
supplies  the  latissimus  dorsi,  and  the  third  or  lower  nerve 
supplies  the  teres  major,  whose  point  of  insertion  is  similar 
to  that  of  the  preceding  muscle,  since  the  tendons  of  the  two 
often  merge  into  each  other. 

Now,  these  three  muscles  are  agents  in  creating  certain 
movements  at  the  shoulder  joint ;  hence  it  is  to  be  presumed 
that  each  subscapular  nerve  sends  a  filament  to  that  articula- 
tion. I  am  aware  that  the  text-books  usually  give  the  credit 
of  nerve  supply  to  this  joint  to  other  sources,  since  the  fila- 
ments of  the  supra-scapular  and  circumflex  nenes  can  be 
traced  easily  to  this  articulation  on  account  of  their  large  size. 
but  I  am  not  inclined  to  believe  that  an  axiom '  of  nerve  sup- 
ply, so  fully  sustained  in  other  regions,  will  not  fail  to  be 
supported  by  careful  dissections  of  this  part.  The  muscles 
supplied  by  the  subscapular  nerves  are  as  important  agents 
in  the  movements  of  the  arm  at  the  shoulder  as  those  supplied 
from  the  trunks  of  the  circumflex  and  the  supra-scapular 
nerves ;  and,  if  it  be  true  that  a  joint,  when  exhausted  or 
inflamed,  can  control  the  muscles  which  move  it  by  means  of 
a  common  ner\'e  supply,  the  subscapulai'  nerves  must  cer- 
tainly be  enumerated  as  one  of  the  sources  of  supply  to  the 
shoulder  joint. 

CLINICAL   POINTS   PERTAINING   TO  THE   SUBSCAPULAR   NERVES. 

These  nerves  are  seldom  the  seat  of  a  localized  neuralgia, 
or  of  paralysis,  except  in  connection  with  some  other  nerves 
of  the  upper  extremity.  The  situation  at  which  they  are 
given  off  from  the  brachial  plexus  (being  bi*anches  of  the 
posterior  cord  and  imbedded  in  the  axillary  space)  is  a  safe- 
guard against  all  common  forms  of  external  violence,  while 
few  tumors  would  create  pressure  upon  these  trunks  without 
affecting  other  nerves  at  the  same  time,  and  possibly  to  an 
equal  or  greater  degree. 

'  Sec  page  384  of  thU  volume.  '  See  page  359  of  this  volume. 
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Should  the  subscapular  nerves  hapi)en  to  liecnme  impaired, 
the  pamlysis  would  be  shown  in  those  movements  ot  the  arm 
which  are  performed  chiefly  by  the  three  muscles  siipjOied  t'j 
them.  The  latissimus  dorsi  could  no  longer  bring  the  band 
into  the  position  assumed  when  scratching  the  anal  region  (in 
which  movement  it  is  prominently  concerned),  while  the  rooTv- 
ment  of  internal  rotation  at  tlie  shoulder  joint  would  he  im- 
paire<l,  on  account  of  the  paralysis  of  the  stibscapuloris  and 
the  teres  major,  as  well  aa  that  of  the  muscle  previotislT 
mentioned. 

Should  these  nerves  be  the  seat  of  degeneration,  as  in  the 
case  of  progressive  muscular  atrophy,  an  alteration  iii  the  •na' 
of  the  latissimus  dorsi  and  teres  major  mnscles  wcmld  he 
detected,  and  the  other  sj-mptoms  characteristic  of  this 
condition  might  be  discovered,  to  a  greater  or  less  A^^tt. 
depending  upon  the  extent  of  the  muscular  changes. 

THE  cikc[:mflex  nerve. 

This  nerve  arises  from  the  posterior  cord  of  the  braphlal 
plexus,  usually  in  common  with  the  musculo-flpital  nerre. 
but  sometimes  by  an  independent  communiration  with  the 
posterior  cord.  It  passes  downward  and  outward  bohiDd  tlh- 
axillary  artery  and  upon  the  subscapularis  muscle,  then 
backward  {in  company  with  the  circumflex  %-es»els)  thrnn^ 
a  quadrihitenU  space  bounded  by  the  humeruH,  the  teres  ma- 
jor and  minor  muscles,  and  the  long  head  of  the  trict^' 
wlien  it  divides  into  its  superior  and  inferior  branch.  It 
^ives  off  a  distinct  branch  to  the  shoulder  joint,  Itcfore  its  tmi 
terminal  branches  are  formed,  in  the  vicinity  of  the  quadri* 
lateral  space,  wliose  boundaries  have  been  given. 

The  superior  bmnch  of  the  cirmmflex  nen-e  is  the  bujEcr 
of  the  two  tei-minal  fllamenta.  It  winds  around  the  neck  of 
the  hiimenis,  and  supplies  the  deltoid  muscle  and  the  integu- 
ment over  the  lower  portion  of  the  shoulder. 

The  inferior  branch  is  small  in  c«mpiiris»n  with  theai- 
perior.  and  is  distributed  to  the  teres  minor  ronscle  and  ih* 

'  Tills  flinm  cnn  lie  [oiinil  Ji'iik'luil  iii  all  tlio  »t«ni!»TO  tpil-baak*  « 


s  by  wliiuli  it  k^iiuinaUs  in  thai  mUHClc-, 
Burgical  n^k  of  the  humerus;  S,  filament  which 
or  muaole-;  S,  eatui«ou«  nerve  to  the  ■boulder  i 
10  the  deltoid  muscle. 


iper  arm,  will  be  affected  by  any  impairment  of  the  circum- 
nerve.     A  fact  previonsly  mentioned,  however,  should 
not  be  lost  night  of,  via,,  that  the  deltoid  muscle,  in  its  an- 
terior portion,  is  supplied  by  the  anterior  thoracic  nen'es ; 
hence  the  impairment  nf  the  cuTumflex  may  not  utterly  para- 
'ze  it. 
The  intimate  relations  which    this    nerve    bears    to  the 
shoulder  joint  and  the  course  which  it  takes  around  the 
neck  of  the  humerus  render  it  particularly  liable  to  injury 
im  contusions,  concussions,  blows,  or  falls  upon  the  shoul- 


THE  SPIRAL  SERVES. 

tier;  while  dislocations  of  tlie  humerus  from  the  scapula, 
especially  in  a  backward  direction,  are  frequently  fnlluHiii 
by  deltoid  paralysis.  If  the  shoulder  joint  become  ihewai 
of  rheumatic,  or  any  other  tyi>e  of  chronic  inflammalktu,  ihe 
nerve  may  be  involved  in  a  neuritic  process,  and  thus  caui* 
a  pai-alysis  of  tlie  deltoid  or  tei-es  minor  ;  while  the  same  in- 
sults may  also  follow  "catching  cold,"  a  neuritis  Iwingpml)- 
ably  established.  Finally,  this  type  of  paralysis  may  foUii* 
injury  to  the  brachial  plexus,  all  the  forms  of  cenrral  k-aioiLv 
lead  poisoning,  and  pi-ogi-essive  muscular  atrophy. 

As  paralysis  of  the  teres  minor  muscle  can  not  lie  easily 
detected,  provided  the  infra-si)inatU9  muscle  Femains  tmlni- 
paired,  the  symptoms  of  ciirumflex  paralysis  are  mostly  con- 
fined to  the  inability  to  perfonn  the  various  moremenls  int<i 
which  the  deltoid  muscle  prominently  entei-s.  The  arm  nin 
not  be  raised  fi-om  contact  with  the  wall  of  the  ihorux,  by  any 
attempt  on  the  part  of  the  patient,  nor  can  it  be  brought  fut- 
ward  and  raised.  When  an  attempt  Is  made  by  the  patjeni 
to  raise  the  urm,  the  deltoid  fibers  do  not  eontnu't,  but  H? 
flabby  and  loose,  which  distinguishes  it  from  an  anchylofwd 
condition  of  the  shoulder,  without  the  necessity  of  commnai- 
cated  motion  being  resorted  to  in  order  to  make  tlie  diagno- 
sis. The  deltoid  region  atrophies,  and  the  shoulder  joint 
becomes  relaxed.  A  deep  gi'oove  can  often  \m  dt-twt*^ 
through  the  atro]>hied  muscle  between  the  bead  of  Ihi*  hn 
merua  and  the  articular  surface  of  the  scapula. 
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This  is  the  largest  branch  of  the  brachial  plexus.    It  arit« 
fi-om  the  posterior  coi-d,  usually  in  company  with  the  riirum- 
flex  nerve,  and  lies  behind  the  third  portion  of  the  axillary 
artery,  at  its  point  of  escape  from  the  brachial  plexus.    It 
subsequently  passes  Ijehind  the  upper  part  of  the  brachial 
art€ry,  crosses  the  tendons  of  the  teres  major  and  latissimns  , 
dorsi  muscles,  accompanies  the  superior  profunda  art^'ry  is*  I 
spiml  groove  upon  the  humerus,  and,  by  passing  between  tht  I 
supinator  longus  and  the  brachialis  anticus  muscles,  it  reochi*  I 


Fio.  151.— .l/u.mifo-ijniu/nem',  Flii.  lH^—TKrminal  braivha  of  Hit 

(ai[i[w_v.)  inutcuio-ijiiral  lUite.     (iinppey.) 

■i.  IBl. — l.cifcumflei  oerre;  a,  Blament  to  tlio  terra  minor miKClc;  3,  outanoouli  branch 
of  ihe  circuniltcx ;  4,  trunk  of  the  mUEculo-apii'iil ;  S,  portion  of  this  nerve  Mhich  our. 
respond*  to  the  spinal  groove  of  iUb  humerus ;  0,  thin  siiin*  nerve  paailnj;  between 
the  braoblftlU  ■nticua  and  supinator  loopia  iniiseles ;  "!,  brondi  which  the  musculo- 
tpiral  tumiahes  to  the  long  heiul  ut  the  triceps  muKle;  8,  h,  Iiranch  to  (he  internal 
p<)ninn  oF  tliis  miisdo  ;  9,  brancll  to  the  externa]  purtion  of  this  muxcle;  10,  lermU 
nil  branch  of  this  saoie  nerre  dUtrlbuted  to  the  uieoneus  muscle;  II,  anatlier 
bmoch  of  the  same  nerve  supplTinj;  also  the  external  portion  of  the  triceps  mueclo ; 
li,  esteniK]  cutaneous  branch  of  the  masculo-spiral. 

I.  163. — 1,  trunk  of  the  muBculo-spiral  nerve ;  2,  bmnch  to  the  EufiinBtor  ioni^i  muscle ; 
t,  branch  to  the  eitensor  carpi  radialis  lont^ur;  4,  hniucli  to  the  extensor  carpi 
rndialis  brevior ;  &,  bifurcation  of  this  trunk;  6,  its  poeturiur  or  muscular  branch; 
7,  the  tame  branch  crossini;  the  anpinUor  brciif,  to  wbich  it  gives  oil  mvctbI  small 
branchoB;  8,  its  terminal  divisions;  0,  anterior  or  cutnnoaus  braneli  of  this  nerve; 
10,  terraintl  divisions  of  ihia  brancli;  11, muscuto-oulaniwus nerve;  IE,  12,  12,  itd 
MnninAl  divisions ;  1^1,  one  of  these  braaehos  nhich  descends  u  far  u  the  nnist,  uid 
IS  branch  of  lUe  radial. 


the  external  condyle  of  the  humems,  where  it  divides 
two  terminal  branches,  viz.,  the  radial  and  the  posterior  in- 
terosseous  iierpfs. 

The  table  of  the  branches  given  off  from  the  posterior  ooid 
(if  the  brachial  plexus,'  and  the  filaments  of  distributiun  of 
each,  will  help  you  in  following  the  chief  jMiints  of  interest 
associated  with  this  nen-e.  It  will  be  perceived  that  the  main 
trunk  of  the  nerve  supplies  five  muscles,  while  the  postfrinr 
interosseoxis  branch  sujipHes  all  the  remaining  miiacles  apon 
the  posterior  surface  of  the  foreann.  This  nerve  is,  thervfi-re, 
essentially  an  extensor  nerve,  although  the  brachialis  antitus 
and  supinator  longus  muscles  assist  in  Hexion  of  the  fureann. 
When  we  come  to  the  consideration  of  the  effects  of  paraly- 
sis of  this  nerve,  the  special  symptoms  will  help  still  further 
to  impress  upon  you  the  distribution  of  its  branches  to  amb- 
ries as  well  as  to  the  integ-ument ;  and  the  points  of  intt^n-tu 
which  depend  upon  the  peculiar  course  of  the  main  trunk  ff 
the  nerve,  will  be  made  prominent,  as  an  explanation  of  the 
frequent  occurrence  of  tins  special  tyjie  of  paralysis  in  cer- 
tain occupations. 

The  radial  bnmck  is  exclusively  distribnted  to  the  integu- 
ment, as  is  shown  in  the  table,'  and  the  special  distribution  ut 
the  branches  given  off  by  this  ner\-e  to  the  integument  of  the 
hand  has  been  already  discussed  at  some  length  in  a  previow 
lecture,' 

The  musculo-spiral  nerre  gives  an  articular  filament  to  tbe 
wrist  joint,  by  means  of  its  iKwterior  interosseous  bmarb; 
and,  probably,  some  filaments  also  to  the  elbow  }t^t,  if 
we  accept  the  general  law  of  nerve  distribution  given  by 
Hilton,  so  often  quoted  in  the  preceding  lectures  of  this 
course. 

We  are  now  preTiared  to  examine,  with  advantage,  the  din- 
grammatic  plates,'  in  which  the  regions  supjilled  hy  tbe  dif- 
ferent nen-es  of  the  upper  extremity  an-  exhibited  ni'«* 
clearly  than  a  verbal  description  could  alone  afford.     Tbey 


'  Sot  page  SM  of  this  Tolunie. 
*  See  ji»2e  4<W  of  ihU  volume, 


*  Sec  pogc  884  of  AH*  talatnc 
*Seccuuoning»3veiiid4ll  oTlUi*! 
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ill  prove  of  great  assistance  in  studying  the  tables'  in 
iiich  the  branches  of  the  individual  nerves  are  classified. 


1  (he  jntim 


».  1S3. — A  diagram  of  the  rrm'ynt  ofcn/nn^out  nerot  diitribtilion  o 
far*  of  tht  upper  tztremitg  and  trunk, 

,  refpon  supplied  b;  the  teamd  dortal  ncnc ;  19,  region  suppKed  by  the  mpra-teapalar 
nerre ;  '20,  region  supplied  by  the  eiFeumflet  nerve  ;  21,  region  supplied  bj  the  inleT'- 
eotto-kumrral  nerve  :  22,  region  supplied  b;  (he  alemal  culanema  nerve ;  2.1,  region 
supplied  bj  the  iuitrtud  ru/nafou*  hratieh  of  Iho  mutetUo-tpirid  nerre  ;  24.  region 
■upptied  by  the  "iicrite  of  Wri^rg ;"  i6,  region  supplied  bj  the  laifrat  brandiea 
of  the  intereosial  nerrea ;  26,  region  supplied  by  the  inltrnal  cutanetma  ncrre ;  ST,  re- 
gion supplied  by  the  mwicaln-naanfout  nerve ;  28,  region  piipplii'd  by  the  Uiac  braacli 
of  the  Uin-inguliial  nerve;  29,  region  supplied  by  the  raiiiai  nerve;  30,  region  sup- 
plied by  the  u/nai'  nerve. 

This  diagram  limits  the  distribution  of  each  nene  with 
ore  positiveness  than  can  be  well  verified,  since  the  cuta- 

■  See  tables  on  puges  383,  384,  &nd  366  of  this  volume. 
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neons  filaments  of  two  nerves  may  supply  the  borders  of  any 
of  these  regions,  as  the  nerves  tend  to  overlap  each  other.  It 
is  not  well,  therefore,  to  rely  positively  upon  the  border  limits 
of  any  region  in  your  endeavors  to  detect  anaesthesia,  should 
you  suspect  a  paralytic  condition  of  any  special  nerve,  and 
seek  this  means  of  confirming  your  diagnosis. 

The  rule  of  Hilton  would  naturally  cause  us  to  exi)ect  that 
the  muscles  supplied  by  any  special  nerve  would  act  as  a 
guide  in  determining  the  source  of  the  cutaneous  nerve  supply 
over  the  points  of  attachments  of  those  muscles ;  and  we  are 
not  disappointed  when  we  examine  closely  the  area  of  cuta- 
neous distribution  of  the  musculo-spiral  nerve.  This  nerve 
supplies  the  supinators  of  the  hand,  the  extensor  muscles  of 
the  elbow  joint  and  of  the  wrist  joint,  and  the  extensor  mus- 
cles of  the  fingers  and  the  thumb  ;  hence  we  find  the  skin 
over  these  groups  of  muscles  supplied,  to  a  great  extent,  by 
the  same  nerve  which  affords  motor  power  to  the  muscles  un- 
derneath. This  fact  will  thus  help  you  to  remember  the  area 
of  distribution  of  any  nerve  to  the  skin  by  a  process  of  rea- 
soning based  upon  the  muscles  which  are  supplied  by  the  same 
nerve,  and  the  numerous  examples,  already  quoted  in  confir- 
mation of  this  general  law,  prove  that  the  deduction  drawn 
from  it  is,  in  all  cases,  approximately  accurate. 

CLINICAL   POINTS   PERTAINING   TO  THE   MUSCULO-SPIRAL   NERVE. 

Tlie  musculo-spiral  nerve  is  more  frequently  affected  with 
paralysis  than  any  of  the  nenes  of  the  upper  extremity.  It 
is  particularly  liable  to  both  j>eripheral  and  central  causes  of 
j>aralysis :  thus,  in  cerebral  hemiplegia,  the  muscles  supplied 
by  this  nerve  are,  jK^rhaps,  more  commonly  affected  than  those 
supplietl  by  any  other  nerve,  while  paralysis  of  these  muscle? 
is  common  as  the  n^sult  of  chilling  of  the  upper  extremity. 
traumatism,  and  l^ad  poisoning. 

The  anatomical  situation  of  the  musculo-spiral  nerve  and 
the  i>eculiarity  of  its  course  around  the  humerus  probably  ex- 
plain the  frei^uent  occurrence  of  paralysis,  since  it  may  W 
easily  comjiressed  by  sleeping  ui>on  the  arm.     It  is  common 
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to  meet  with  this  type  of  paralysis  in  patients  who  have  used 
their  arm  as  a  pillow,  or  in  drunkards  who  have  slept  in  some 
constrained  position  upon  benches,  steps,  etc.  Persons  who 
have  fallen  exhausted  and  have  rested  upon  the  arm,  and  sol- 
diers who  have  slept  upon  the  damp  ground,  often  arise  with 
this  form  of  paralysis.  It  is  stated  by  Brenner  *  that  the  coach- 
men of  Russia,  who  are  in  the  habit  of  sleeping  upon  the  box 
with  the  reins  wound  around  the  upper  arm,  are  victims  to 
this  condition ;  and  Bachon '  reports  the  same  result  as  com- 
mon among  the  water-carriers  of  Rennes,  since  they  pass  their 
arm  through  the  handle  of  the  heavy  water-pails  to  more  se- 
curely compress  them  against  the  chest.  The  habit  of  the 
Russians  of  tightly  bandaging  the  arms  of  infants  to  the  body, 
and  allowing  them  to  sleep  upon  one  side  for  long  intervals, 
seems  to  promote  the  frequent  occurrence  of  this  trouble. 

Among  the  other  forms  of  traumatism  which  conduce 
toward  this  form  of  paralysis  may  be  mentioned  the  use  of 
poorly  padded  crutches,  the  kicks  of  animals,  cuts,  stab 
wounds,  fractures  of  the  humerus,  dislocation  of  the  humerus 
at  the  shoulder  joint,  and  the  development  of  an  excessive 
amount  of  callus  after  a  fracture. 

Rheumatic  affections  and  a  neuritis  of  the  musculo-spiral 
nerve  are  reported  as  causes  by  Bernhardt  and  others ;  and 
cases  of  hysterical  origin  have  been  rarely  but  positively  au- 
thenticated. 

Finally,  lead  poisoning  must  be  mentioned  as  one  of  the 
most  common  causes  of  paralysis  of  the  muscles  supplied  by 
the  musculo-spiral  nerve.  The  existence  of  this  form  of  poi- 
soning will  have  generally  been  indicated,  previous  to  the  ap- 
pearance of  paralysis,  by  colic,  jaundice,  and  arthralgia,  as 
the  muscles  are  seldom  affected  until  the  latter  stages.  The 
extensor  communis  digitorum  muscle  is  usually  affected  first, 
and  the  paralysis  gradually  extends  to  the  other  muscles  sap- 
plied  by  the  musculo-spinil  nen-^e.  The  muscles  of  the  aim 
are  much  less  frequently  affected  thjin  those  of  the  hand  and 
forearm ;  but,  in  severe  cases,  the  muscles  of  the  upper  arm, 

*  As  quoted  by  Erb.  *  As  quoted  by  Erb. 


414 


THE  SPf.VAI.  XEBVES. 


shoulder,  and  even  those  of  the  lower  extremity,  may  beocoie 
involved. 

It  is  difficult  as  yet  to  explain  the  apparent  predispoeitioD 
of  lead  poisoning  to  affect  the  muscles  of  the  musculo-spiral 
region  in  preference  to  the  flexor  muscles.  Gomtmnlt,  hem- 
hai-dt,  Westphal,  Barwiukel,  HitJdg,  and  Lancereanx  have 
given  sjjecial  attention  to  the  subject,  and  arrived  at  no  fom- 
mnn  ground  upon  which  they  can  all  agree.  The  cnndi- 
tion  has  been  explained  as  the  result  of  a  venous  stasis  (Ilit- 
zig),  and  as  the  result  of  arterial  ischfcmia  (Biirwinkel) :  hirtJi 
of  whom  regai-d  these  conditions  as  favoring  the  depoedtiMii 
of  lead  in  the  muscles  of  the  extensor  region  of  the  fo»«« 
arm.  Perijiheral  nerve  degeneration  has  been  claimed  as 
the  explanation  of  the  fuiralytic  symptoms  by  Ciumbaolt, 
Westphal,  and  Ijancereaux,  and  in  this  vicvr  the  investiga- 
tions of  Neuman,  Erb.  and  Elchhorst  coincide.  Whether  u 
spinal  origin  will  Ite  yet  determined  which  will  explain  liw 
muscular  cliange-s  and  the  loss  of  p»)wer,  is  yet  to  be  decided 
by  further  pathological  research. 

The  symptoms  which  characterize  this  tj-pe  of  ttamlyns 
have  such  a  distinctive  foi-m  as  to  be  easily  recognizable  by 
the  physician  at  the  very  first  glance.  A  referenee  to  the 
table  which  shows  the  distribution  of  the  mu8rulo-.sj>inil 
nerve  to  mnscles'  will  help  to  explain  them.  AVe  see  ffaal 
this  nerve  sends  filaments  to  the  triceps  and  brachialis  anticus 
muscles  in  the  aim,  and  to  all  the  extensor  muscles  of  the 
forearm.  In  accordance  wnth  this  distribution,  the  hand  hi 
kept  in  a  state  of  flexion  when  this  nerve  is  i)aral>-xed.  nod 
can  not  l)e  raised  or  extended  ;  the  thumb  ia  flexed  and  ad* 
ducted ;  and  the  fingers  are  flexed  and  cover  the  tlmmb. 
When  the  patient  attempts  to  extend  the  fingers,  the  iotvToft- 
sei  and  lumhricales  muscles  alone  can  lie  made  to  act,  uid 
these  muscles,  as  has  been  mentioned  before,  can  only  ext«iid 
the  two  terminal  phalanges  while  they  flex  the  basal  phalanx.' 

'  Pec  pn^-e  SSi  ot  this  Tolume. 

*  Tlic  fipliuution  of  this  f>rt  Viet  in  iho  inMnion  of  I'.ic  tcodou  of  ibcM  mrnii* 
into  tbd  tcndoua  ot  the  iwdiumii  etWDwr  ot  the  Aogcn. 
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The  thumb  and  the  index  finger  can  not  be  extended  or 
abducted ;  the  patient  can  not  supinate  the  hand  when  tlie 
forearm  is  extended  (this  position  being  assumed  in  or- 
der to  exclude  the  action  of  the  biceps  muscle),  nor  can 
the  forearm  be  half  bent  and  the  hand  half  supinated  by 
the  supinator  longus  muscle ;  and,  finally,  when  the  patient 
is  instructed  to  flex  the  forearm,  when  placed  in  a  position 
of  half  flexion  and  semi-prostration,  the  supinator  longus 
muscle  lies  flaccid,  and  does  not  become  tense  and  hard  as 
in  health.  The  loss  of  power  in  the  triceps  muscle  ren- 
ders it  impossible  for  the   patient  to  extend   the  forearm 


i.  extonul  hnd  of  tricf  pg . 


upon  the  arm  when  the  aim  is  first  raised  above  the  head ; 
nor  can  the  forearm  be  extended  with  the  same  degree  of 
force  as  the  healthy  side  in  any  position  of  the  arm. 
When  the  hand  is  laid  upon  the  table,  the  patient  is  un- 
able to  raise  the  hand  from  contact  with  it,  but  the  lateral 
movements  of  the  fingers  can  be  performed  as  in  health, 


416 


THE  SPINAL  NERVES. 


since  these  movements  are  controlled  by  the  interossei  mus- 
cles. The  action  of  the  flexor  muscles  of  the  wrist  seems 
feeble,  since  the  antagonistic  action  of  the  extensors  does  not 
afford  a  fixed  point  of  action ;  but,  if  the  wrist  be  forcibly 
extended  and  fixed,  it  will  be  seen  that  the  wrist  flexors  are 
not  paralyzed. 

This  form  of  paralysis  interferes  with  almost  all  of  the  nu- 
merous employments  of  daily  life,  since  the  functions  of  the 
hand  are  most  seriously  impaired.  The  patient  can  not  well 
hold  or  grasp  anything,  on  account  of  the  inability  to  perform 


7    8 


Fiti.  1A5. —  Tht  tuy.ot'  jioiuU  OH  tht  inner  side  of  the  arm, 

1,  m.  internal  hoaii  of  triceps;  2.  inusc«lo-outanco«5  nerre;  S,  median  Berrc;  4,  m. 
ci.>r.iixwbrachians  ;  ^«  ulnar  ucnre :  6,  branch  of  median  ncrrc  (or  pruoator  ndii 
to:v5 ;  T,  mu<cu!«.M.nit.mt'OUS  nerve  ;  S,  m.  bii-eps  flexor  cubitL 


the  extension  of  the  thumb  or  fingers ;  and  the  impairment 
of  the  sujunators  still  further  adds  to  the  uselessness  of  the 
haml.  The  reiru^ns  of  the  integument  supplied  by  the  mus- 
rulo-s]nnil  nene  exhibit  more  or  less  aniesthesia«  although 
the  extent  of  this  sjTiiptom,  like  that  of  the  muscular  pa- 
nilvsis,  is  mo<lifieil  bv  the  heicrhi  of  the  lesion,  which  affects 
the  n«*r\-e  as  well  as  bv  its  character.  In  some  cases*  earten- 
sive  nK»ti.>r  {lanilysis  may  be  present  without  any  marked 
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disturbance  of  sensibility;  this   can  only  be  explained  by 
the  presence  of  anastomosis  between  the  cutaneous  nerves 


PlO.  166. —  TSe  molor  poiitli  oa  the  altnuor  {posterior)  aspect  oflhtfo 
carpi  rad.  lonRior 


Di.  eupiattor  longu^;  2,  n 
Tior;  4,  6,  m.  cilensor 
extensor  primi.  ictcrnod.  pol.;  i 
interoaseoua  ;  10,  m,  third  Uoi^hI 
eiicnsor  min.  digit! ;  13,  m.  eitcusor  Hecund. 
digit!  1  IS,  m.  touith  dorsal 


eitensor  carpi  tad.  brc. 

m.  second  donial 
I,  m.  citenwr  oar()i  ulnuria;  12,  m. 
ilcrnod.  pul, ;  11,  m.  abJuct.  min. 


of  different  origins,  as  was  demonstrated  by  Tripier  and  Ar- 
loing'  npon  dogs. 

In  the  dia^osis  of  this  type  of  paralysis,  it  is  often  diffi- 
cult to  detennine  the  exact  nature  and  seat  of  the  exciting 

'  As  quoted  bj  Erb. 
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cause.     The  most  common  causes  are  injury,  pressure,  and 
lead  poisoning ;  but  the  existence  of  exciting  neuritis,  some 


Fic.  IRT.—  Tilt  moUtr  point*  an  Ibt  faor  {mterior)  a^td  of  Ae  fanmim. 
I,  median  orrve  aixl  branch  to  m.  pronator  radii  Hmvs;  S,  m.  palirari*  lof^uf ;  1.  b. 
flrior  raqii  ulnari^ ;  4.  m.  fleinr  suhlim.  dipfl. ;  9,  ulnar  n«TF:  6.  m.  flri.  iabNiii. 
die- :  7.  Tiilsr  hnrnch  of  tlir  ulnar  nerve  ;  8,  m.  palmaris  brcvis ;  9,  m.  abdoctot  iriD. 
ili;dt. ;  III,  m.  flexor  min.  di^it. ;  1 1.  m.  opimncne  niin.  digit.;  13.  13,  m. luinbrnW : 
14.  m.  flexor  carpi  raclinliK ;  IS,  m.  flexor  profund.  difcitonun  i  1<,  m.  Bvior  iobiK 
diHr>iiinii  IT,  lu.  flex,  lonpid  iHilliei^;  IH.  median nerre ;  19,  in.  oppon«u  poUiri*: 
it;  m.  al)ditr(or  jmllicis  ;  SI,  ni.  flexor  bn-vb  polltdl ;  Si,  m.  adductor  pollki) ;  !Z. 
m.  lirsl  luRibrii.'alii'. 


cercbi-al  ilisca-se,  or  an  hysterical  cause,  must  be  exrluc]^  or 
determined  liy  the  concomitant  8}inptoms.     AVhen  the  parol- 
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ysis  is  due  to  local  compression,  the  triceps  muscle  is  not  usu- 
ally affected,  and  the  same  statement  applies  to  the  rheumatic 
fonn,  while  in  both  of  these  types  the  disturbance  of  sensi- 
bility is  most  frequently  confined  to  the  hand  alone.  In  lead 
paralysis,  the  supinator  brevis  muscle  remains  unaflfectei 
until  late  in  the  disease,  and  the  supinator  longus  muscle 
is  rarely  involved,  even  in  severe  forms  of  poisoning.  While 
this  can  not  be  taken  as  an  absolute  sign,  it  is  a  most 
valuable  point  in  diagnosis,  and  should  be  always  remem- 
bered. In  addition  to  the  muscular  paralysis,  lead  poison- 
ing is  often  accompanied  by  muscular  atrophy  and  swell- 
ing of  the  veins  upon  the  extensor  side  of  the  forearm ; 
while  tendinous  swellings  are  frequently  detected  in  the 
region  of  the  wrist. 

The  duration  of  paralysis  of  the  musculo-spiral  nerve  de- 
pends largely  upon  the  exciting  cause.  Lead  poisoning  pro- 
duces, in  all  cases,  an  exceedingly  slow  and  obstinate  form  of 
trouble,  and  the  paralysis  may  be  incurable ;  "crutch  paraly- 
sis" usually  recovers  speedily,  if  the  pressure  be  discontinued ; 
traumatic  paralysis,  if  the  injury  be  severe,  follows  a  protract- 
ed course  ;  while  those  cases  which  depend  upon  cerebral 
origin  are  modified,  as  to  their  course  and  termination,  by  the 
character  of  the  exciting  lesion. 

THE   DORSAL  NERVES. 

The  nerves  of  the  dorsal  region  are  twelve  in  number  upon 
each  side  of  the  trunk.  They  escape  from  the  vertebral  canal 
by  means  of  foramina  between  the  dorsal  vertebrae,  and  are 
connected  to  corresponding  ganglia  of  the  sympathetic  nerve. 
Each  dorsal  nerve  is  joined  to  a  ganglion  of  the  sympathetic, 
immediately  after  its  escape  from  the  foramen  between  the 
vertebrae,  by  two  small  and  short  filaments ;  hence,  there  are 
frequent  points  of  communication  between  the  cerebro-spinal 
and  sympathetic  systems  of  nen^es  throughout  the  length  of 
the  vertebral  column.  As  has  been  stilted  in  a  previous  lec- 
ture, the  first  dorsal  nerve  assists  to  form  the  brachial  plexus, 
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and  can  therefore  be  properly  classed  as  one  of  the  nerves  of 
the  upper  extremity  rather  than  a  nerve  of  the  trunk ;  the 
remaining  nerves  of  this  region  are  distributed  entirely  to 
the  parietes  of  the  thorax,  the  adjacent  pleura,  and  the  in- 
tegument covering  the  front,  sides,  and  back  of  the  chest, 
and  the  upper  part  of  the  abdomen. 

The  table  which  I  now  show  you  is  designed  to  make  the 
general  distribution  of  the  dorsal  nerves  easy  of  comprehen- 
sion, and  to  assist  in  reviewing  the  chief  points  of  interest 
which  are  presented  in  connection  with  the  nerves  of  this 
region. 

NERVES   OF  THE   DORSAL  REGION. 


''   Posterior 
divisions. 


EztciTial 
branches. 


r 


\ 


< 


Internal 
branches. 


DORSAL    , 
NERVES,  -i 


f 


Anterior 
divisions. 


Six 
upper  or    j 
thoracic  \ 
interco?-     I 
tals. 


I 

r 


tUx 

lower  or 
thoracico- 

ahihmi' 
nal  iiiter- 

costald. 


In  upper 

six 
nerves. 

In  the 
lower  six 

nerves. 

In  upper 

six 

nerves. 

In  the 
lower  six 

ner\ej<. 
)lu8cular 
branches. 

Lateral 
cutane- 
ous. 

Anterior 
cutane- 
ous. 
Muscular 
branches. 

Lateral 
cutaneous. 

A  nterior 
cutajuoiu. 


Filaments  to  trmnsrcrsalis  colli. 
Filaments  to  longissimus  dorH, 
Filaments  to  trachclo-mmstoid. 
Filaments  to  leratorcs  costarum. 
Filaments  to  sacro-lunibali^. 
Filaments  to  acccftBoriua. 
Same    muscles    aa    in    prvvcdio: 

bracket, 
Integument  of  the  back. 
Filaments  to  scmispinalis  dor^i. 
Filaments  to  multifidua  spins. 
Integument  of  back. 
Same    muscles    as    in    prcce^in;: 

bracket. 
No  cutaneous  filamcnta. 
Intercostals, 
Triangularis  stemi. 
Integument  of  cliCHt  and  mammr. 
Upper    part   of    external    oblh^ur 

muscle, 
Integument  over  upper  T»art  of  latif- 

simus  dorsi  and  the  scapular  r- 

gion. 

(  Integument  of  mamnis  and  sidt-  of 
t      the  chest. 

\  Intercostals, 
Abdominal  muscles. 
Integument  of  abdomen,  as  fiar  u 

the  edge  of  rectus. 
Integument  over  loiter  part  of  Uti*- 

simus  dorsi. 
Upper  part  of  rectus  and  i^ti^- 
'(      ment  in  front  fiart  of  abdotucn. 


It  will  be  perceived  that  these  nerves,  like  those  of  the 
cervical  region,  divide  into  anterior  and  posterior  branches, 
in  the  immediate  vicinity  of  the  vertebral  column.  The  pos- 
terior divisions  supply  the  muscles  of  the  back  and  the  in- 
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iiment  which  covers  that  region,  while  the  anterior  divis- 
gupply  tlie  muscles  of    respiration  and  some   of  the 


Fin.  13^.-~77ir  'WF'vatfiir N«rwi.    (Mniw,) 
"the  jwctonlia  mnjor  and  minor  miuicles  sro  remarod.    Th<<  i>bl1i|iiu!i  cxtcnius  nnd  rectni 

abdomiaU  are  divided,  BDd  remorot  in  H»n(>  jiliun's. 
I,  «ii[l(ir7  rein:  the  »rlery  is  removi?d;  3,  porlion  of  the  bnicliiiil  plrms  and  two  tlio. 
racio  tinuivliui :  3,  bruchlitl  Ivii;  of  tiM  Gist  intercostal  nerve :  4,  bruuliini  iwi{£  nf  ibu 
««ronil  interuuetal  ncrre;  S,  inoKuklinn  between  tiro  branches:  II,  dlflaion  of  an 
intei-eostal  bnuch  inlo  T,  a  nuperfldal  brandi,  and  R,  a  derp  brandi;  II,  glalral 
bnuGh  ol  ttiG  twelfth  Inlerconol  aene ;  10,  tenninaUon  of  the  ilio-tcrotul  brunch 
of  ibo  lumbar  pieni*  ;  II,  inguino-culaneouB  biuich  ;  12,  toij  of  the  genilo  crural 
btnncU;  13,  IS,  portions  of  the  deep  ncrree  after  Ibvj  bavu  become  eupvr&dnl. 

abdominal  mtiscles,  and  the  integnment  of  the  chest,  loins, 
and  abdomen.     The  intercosUil  nerves  are  formed  entirely 


fmm  the  anterior  divisions;  those  arising  from  (he  upper 
half  of  the  dorsal  region  being  called  the  "  Iborarit; "  intercos- 
tals,  wliile  the  lower  six  nerves  are  called  the  "thomciw'- 
abdominal"  intercostal  nen-es. 

The  fiist  and  last  dorsa.1  nerves  are  somewhat  i>eruliar  ia 
their  distribution,  and  deserve  a  special  description.  The  first 
dorsal  nerve  has  no  lateral  cutaneous  branch,  since  th**  hranrli 
which  corresponds  to  the  lateral  cutaneous  branch  of  lbs 
other  nerves  is  of  large  size,  and  enters  into  the  formation  hE 
the  brachial  plexus.  The  continuation  of  this  nerve  aloni: 
the  first  intercostal  space  is  of  small  si2e,  and  ends  in  the  an- 
terior cutaneous  nerve. 

The  last  dorsal  nerve  is  the  largest  of  the  twelve,  and  u 
usually  connected  with  the  first  lumbar  nerve  by  a  tilamo-nt 
called  the  "  dorso-lumbar "  nerve,  which  descends  in  the 
substance  of  the  quadratus  Uimbornm  muscle.  It  e<im- 
municates  also  with  the  hypogastric  branch  of  the  ilio-hy- 
pogastric  nerve  (a  bi-anch  of  the  lumbar  plexnsl,  l»etwi^n 
the  internal  oblique  and  transvei-salis  muscles  of  the  th- 
domen.  Its  Uiteral  cutaneous  branch  is  very  Inrfru,  and  i> 
distributed  to  the  integument  of  the  fi-oDt  part  of  the  gluteU 
region. 

The  distribution  of  the  dorsal  nerves  to  the  costal  laj/rr  </ 
the  pleura  is  not  siwdally  designated  in  the  table,'  but  it  is  a 
fact  of  great  physiological  interest.  Hilton  draws  an  anahfrr 
between  the  pleura  and  a  synovial  membrane  of  a  joint ;  an-I 
the  intercostal  muscles  are  also  comj>ared  by  him  t<i  th«e 
moving  a  joint.  Thus  this  author  adduces  further  pnwf  nl 
his  general  law  of  nerve  distribution,  since  the  skin  of  ihe 
che-st,  the  intercostal  muscles,  and  pleura  ai-e  supplied  frm 
the  same  source.  In  pursuing  tins  same  line  of  n^tasotdng 
(and  the  analogy  is  not  a  strained  one  from  a  phy-tioliigic*] 
standpoint),  the  abdominal  muscles  might  also  be  iacladed 
among  the  list  of  muscles  which  move  the  ribs ;  and  the  ttom 
fesnpply  to  them  also  would  thereby  be  ex]>!ained  by  this 
Kiom,  viz.,  that  the  nerves  which  supply  a  joint  supply  tie 
'  Si-v  page  UO  ol  ibU  Tolunc 


fiom  (he  iijiper  intercostal  iieiTes  (rruss  the  axillary 
and  supply  the  integument  of  the  ann.  The  "nerre  of  Wiw- 
berg,"  which  hiis  been  described  in  connection  with  the  rnla- 
neou8  nerves  of  the  arm,  is  perhaps  the  most  important  (if 
these  branches.  It  may  thus  be  understood  why  the  pain  of 
pleuritic  inflammation  may  be  carried  to  and  felt  iu  the  tvginD 
of  the  axilla  and  inner  arra,  and  why  distinct  points  of  teniW- 
ness  to  pressure  may  sometimes  be  detected  in  these  regioiu 
when  the  disease  is  confined  to  the  trunk. 

CLIX:CAL   POINTS    PEBTAINISa    TO   THE   DORSAL    SERVES. 

From  the  suggestions  thrown  out  as  to  the  physiological 
importance  of  nerve  distribution,  and  from  the  fact  that  the 
pleura  is  supplied  from  the  same  nerve  sources  as  the  ii>spin 
tory  muscles  and  the  integument  of  the  chest,  abdomen,  uii) 
inner  ann,  some  important  clinical  lessons  may  be  drawn. 
Patients  suffeiing  from  pleurisy  feel  a  pain  in  the  rusol 
muscles  which  compels  restricted  movement  of  the  ribs,  uh) 
which  limits  the  respiratory  function  largely  to  the  diai»hragin. 
Now,  these  painful  cramps  and  stitehes  are  independent  o( 
the  pain  arising  alone  from  the  intlamed  pleural  surfare,  and 
the  diminution  of  the  res])i ititory  movements  is  due  to  a  par- 
tially contractured  state  of  the  muscles  of  the  chest,  as  ffl  de- 
monstrated by  the  fact  that  patients  can  not  draw  a  long  hreeth 
if  asked  to  do  so  ;  hence,  -we  may  i-easonably  conclude  thai 
Nature  has  so  distributed  the  nerves  to  the  jileurn  as  to  m- 
able  tliat  serous  membrane  to  control  (he  muscles  which 
create  movement  of  the  adjacent  costal  surfaces,  and  thus 
insure  its  quietude  during  the  stages  of  inflammation  of 
i-ejjair.  It  is  wisely  suggested  by  Hilton,  in  i\\\n  countfction, 
that  we  learn  a  lesson  in  the  treatment  of  such  caae*  (rom 
Nature  herself,  viz.,  "never  to  allow  a  jiatient,  suffering  fnun 
pleurisy  or  pneumonia,  to  talk  except  in  monosyllables,  so  «s 
to  avoid  a  full  inspiration." 

The  diagnostic  value  of  pain  is  well  exerajillfiwl  in  th» 
region  of  the  thorax.  Persistent  pains  hiij?t  up  hftirern  tkr 
sliould*'rn  are  strongly  indicative  of  diseases  of  Ihe  heart. 
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anenrisin  of  the  arch  of  the  aorta,  stricture  of  the  oesopliagus, 
and  anythiog  which  would  tend  to  create  pressure  within  the 


1,  region  supplied  by  the  Bupra-claviciilnr  nerve  (brancli  of  (he  ccrriml  plexus) ;  2,  re- 
b'ion  Bupplicd  by  the  cLrcumflei  nerre ;  3,  rctfion  f  upplicd  by  the  Inlercosto-huincnl 
ncrre;  4,  region  Hiippliud  by  the  intercostal  ncrre  (laternl  branch)  ;  fi,  region  sup- 
plied by  the  Teaser  internal  cutaneous  nerve  (nerve  of  Wrisberg^ :  6,  repion  supplied 
by  the  niusculo-apirail  nerve  (cxtemnl  eutaneous  branch) ;  7,  re-rion  supplied  by  the 
internal  cutaneouti  nerre;  f),  rc^on  supplied  br  the  miisciilo-cutikneous  nerre;  9, 
region  supplied  by  the  median  ner»c;  1".  region  supplied  by  the  ulnar  nerre ;  11, 
region  supplied  by  the  intercodlal  nerve  (anterior  branch). 

posterior  mediastinum."    If  we  meet  with  persistent  pain  in 
the  space  lying  between  the  'middle  of  the  scapula  and  the 

'  John  Hilton,  op.  til. 


lumhar  region  of  the  sp'me^  we  may  have  good  ground 
pect  the  existence  of  some  disease  of  the  abdominal  digestire 
visceni,  the  pain  being  cajried  to  the  surface  prol>ably  by 
means  of  the  splanchnic  neires.'  It  is  not  uncommon  fur 
disease  confined  to  the  transverse  colon  to  manifest  itself  in 
tlie  form  of  persistent  pain  in  the  lower  intercostal  region. 

The  freqtient  occuiTence  of  cancer  in  the  mammar}'  rvgitm 
rendei's  its  detection  one  of  impwtance  in  its  eariy  Htagiis, 
M'hile,  in  the  later  stages,  the  pleura  and  the  glandrt  of  th* 
axilla  and  mediastinje  mny  be  secondarily  affected  with  can- 
cer tiibei'cles.  Now,  in  these  conditions,  the  presence  of  pain 
in  the  back,  between  the  shoulders,  in  the  side  of  the  chest, 
or  down  the  inner  side  of  the  ann,  may  possibly  afford  inraln- 
able  aid  in  diagnosis, 

Tlie  distiibution  of  the  sixth  and  seventh  intercostal  nerren 
to  the  skin  over  the  pit  of  the  stomach  may  be  a  useful  lart  tn 
remember  in  making  a  diagnosis  of  the  cause  of  jiain  ui  tttal 
region,  since,  by  tracing  the  course  of  these  two  nen*es  fn'm 
Ijefore  backward,  and  observing  the  healthy  or  unhealthy  oui- 
dition  of  the  structures  near  to  which  the  nerves  %voitld  pass- 
as  the  pleura,  ribs,  cesophagns,  aorta,  etc, — we  may  at  larf 
i-each  the  spine  as  the  seat  of  the  disease  which  is  prodnrinc 
jiain  in  a  region  far  remote  from  the  cause  to  whieh  it  is  reallr 
due.  It  is  by  no  means  unrnmmon  for  spinal  affections  of  the 
mid-dorsal  region  to  manifest  themselves  by  a  pain  which  is 
distressing,  and  referred  to  the  pit  of  the  stomach  ;  and  sach 
an  origin  is  rendered  still  more  probable  if  juvsent  on  both 
sides  of  the  median  line,  since  symmetrical  pains  are  especially 
characteristic  of  central  origin.'  Should  snch  a  pain  exi.sl,  anil 
a  mai'ked  relief  ensue  when  the  patient  is  in  a  remmheot 
posture,  the  probability  of  spinal  origin  is  still  more  distinctiy 
suggested. 

'  The  great  splftnohnie  nerrc  ia  Mnnpcieil  ulnrc  with  itic  taurih,  fidli,  ui'l  •li^  Jaral 
ncrrcs,  nod  Ih'Iow  viih  Ihc  salu  plciiis  anil  llicnco  with  the  atonuch,  duoJ*«»n,  Itra. 
pancrcaii,  ttnd  iatratiDef.  It  eocnit  ]initMblc,  thercrar«,  lh>t  the  pklo  Ftporicncril  to  iW 
TCftlrin  ot  ihc  Mapulk,  bj  paUralu  nMicled  will)  ditvosci  ef  tbc  digettive  orgyki,  b  dfar- 
able  In  ainic  wnj  lo  iho  prcttlfr  spknchnic  nerve. 

'  The  rcnrlpr  U  refctTDd  Id  the  gcnernl  uuDmi  of  nerve  lUslritiution,  qwoirt  •■  MM 
SG9,  seo.  will  3&I  of  tlii<  Tolumc 
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It  has  been  stated  in  previous  lectures  that  pains  which  are 
confined  to  one  side  of  the  body  are  usually  indicative  of  an 
exciting  cause  which  is  confined  to  the  same  side,  rather  than 
of  diseased  conditions  of  the  central  nerve  ganglia.  It  is 
therefore  customary,  with  those  most  familiar  with  the  steps 
necessary  to  reach  a  scientific  diagnosis,  to  search  for  some 
cause  upon  the  same  side  of  the  body,  in  case  a  pain  exists 
which  is  not  symmetrically  developed  upon  both  sides.  I 
have  known  the  diagnosis  of  aneurism  witliin  the  thorax  to 
be  discovered  by  a  pain,  which  was  one-sided,  and  which  was 
the  only  symptom  which  the  patient  was  conscious  of,  where 
the  existence  of  the  tumor  would  probably  have  gone  on  un- 
detected but  for  this  valuable  guide.  A  constant  pain  in  the 
back  is  one  of  the  most  positive  signs  of  aneurism  of  the  coeliac 
axis,  and  1  question  if  the  diagnosis  of  aneurism  of  the  abdom- 
inxd  aorta  in  any  part  of  its  course  should  ever  be  made  unless 
this  symptom  can  be  detected. 

Pain  in  the  region  of  the  pectoral  muscle  may  indicate  some 
cause  referred  either  to  the  third  or  fourth  cernical  or  the^r^^ 
dorsal  nerves;  hence  we  must  look  in  two  different  localities 
for  the  exciting  lesion.  The  distribution  of  the  cervical  nerves 
to  the  fascia  covering  the  anterior  portion  of  the  chest  is  not 
sufficiently  well  recognized  by  the  profession  at  large,  and 
doubtless  many  cases  have  been  a  source  of  anxiety  to  the 
physician  which  could  have  been  easily  explained,  had  this 
point  been  impressed  upon  them. 

The  distribution  of  the  lower  intercostal  nerves  to  the  in- 
tegument covering  the  ui)per  part  of  the  muscles  of  the  abdo- 
men may  be  useful  in  diagnosis,  since  pain  in  this  region  of 
the  abdomen  may  be  created  by  pressure  of  fluid  in  the  pleural 
cavities,  and  by  other  lesions  situated  above  the  line  of  the 
diaphragm.  It  is  not  improbable,  therefore,  that  many  cases 
of  this  character  have  misled  the  medical  attendant  who  has 
referred  the  symptom  of  abdominal  pain  to  organs  within  the 
caWty  of  the  abdomen,  when  the  exciting  cause  was  to  be  sought 
for  within  the  chest  or  in  the  course  of  the  lower  intercostal 
nerves  ?    Certainly,  successful  treatment  depends  upon  accu- 


racy  in  diagnosis ;  and  tbe  application  of  llie  laws  of 
distribution  to  line  discriminations  in  the  appreciation  of 
symjitoms  is  a  guide  whose  vaJue  and  utility  are  not  generBll; 
known. 

When  we  have  our  attention  called  by  a  patient  to  a.  pain, 
no  matter  where  its  situation  may  chanre  to  be,  we  are  podtire 
that  it  can  be  traced  to  the  nerves  supplying  tlie  part.  Here. 
then,  we  have  a  direct  guide  to  follow  which  will  usually  kad 
us,  if  we  are  anatomists,  to  the  source  of  the  pain.  As  an  ex- 
ample of  this,  and  they  are  too  numerous  to  mention  in  detail 
there  is  one  symptom  in  spinal  disease  which  stands  out  prum- 
inently,  and  I  might  say  solicits  onr  proper  appreciation  of  it, 
and  that  is  a  tixed  and  local  pain  npon  the  surface  of  the  bDd)r. 
with  or  witliout  exacerbations,  and  often  without  any  local  in- 
crease of  temperature  at  the  seat  of  the  disease.  I  feel  quite 
certain  that  through  the  medium  of  this  one  symptom  alone, 
if  proiKsrIy  employed,  morbid  conditions  of  the  vertebrs  or 
the  spinal  cord,  its  membranes,  and  its  nerves,  may  be  ofti-n 
diagnosed  long  before  any  palpable  deformity  of  attitude  or 
gait  exists,  and  a  cure  often  effected  by  simple  rest. 

It  is  in  connection  witli  the  nerves  of  the  dorsal  r^oa  tbat 
pain  is  a  more  valuable  guide  than  in  almost  any  other  pottJoB 
of  the  body.  The  subjacent  viscera,  occupying  the  tboradc 
and  abdominal  cavities,  are  constantly  manifeRting  disnaed 
conditions  by  pain  of  a  superficial  character  (through  the  in- 
timate communications  which  exist  between  the  splunchiur 
and  dorsal  nerves)  at  spots  often  far  removed  from  tbe  excit- 
ing cause.  It  is  natural  that  the  medical  attendant.,  unless 
his  attention  has  Ijeen  directed  to  this  fact,  should  atlribnte 
the  jKiin  to  some  fanciful  cause  in  the  locality  of  that  itaio.  ur 
to  some  general  diagnosis  of  neuralgia,  malaria,  etc.,  when  bd 
anatomical  knowledge  might  direct  him  aright  both  in  diag- 
nosis and  treatment.  We  know  that  liver  disease  may  be  oc- 
casionally manifested  liy  a  jiain  in  the  repon  of  the  right 
shoulder ;  that  gastric  and  intestinal  diHorders  frequently  pro- 
duce a  constant  pain  in  the  back  between  the  scupubc;  nod 
that  tumors  of  the  viscera  may  produce  like  resnlls  by  pnsss- 
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ure  upon  the  eplanchnic  nerves  or  the  solar  plexus  of  which 
they  form  a  part.     Without  such  a  knowledge  and  its  satis- 


FlO.  IBl. — A  diagrnm  oflhf  nyhia  of  mlinfota  ncrvt  dittrifmlion  on  the  pMcrior  *t 
/act  oflhc  upper  alremiiy  and  trunk,     {Modified  rrom  Kloirer.) 

18,  rej^on  eupplieJ  by  tbc  ictonj  dorial  nerve ;  10 
nerve ;  20,  lYgion  supplied  br  ihe  cii-eunigrz  r 
eotto^hiiiHeral  aenc:  23,  re-^ion  aupplied'by  tl 
■iipplied  hj  Ihc  inlfrmU  fulniieou*  hnuuA  of  tlio  iniuet)l(np>r<d  nerve  ;  34,  region 
Bupplied  by  the  "nem  of  H'risbfrg"  ;  25,  region  supplied  by  the  hiln-nl  branehn 
at  tiic  inlertmtal  nerves ;  26,  region  supplied  by  the  infernal  ca/mtmiB  nerve ;  27,  re- 
pion  supplied  by  (ho  mu^teuln-fulanmut  nerve ;  2B,  rc;:ion  supplied  by  ihe  iliac  branch 
of  tbc  ilin-inipiliial  nerve;  20,  region  supplied  by  the  radial  nerve;  SU,  region  Sup- 
plied b_T  the  ulnar  nerve. 

factory  explanation,  would  we  be  apt  to  refer  such  pain  to 
causes  so  remote  J    ^yould  we  look  for  causes  of  abdominal 
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pain  in  the  region  of  the  thorax,  without  the  knowlwlge  that 
the  lower  intercostal  nen-es  siipplied  tlie  abdominal  mitscWl 
The  lessons  taught  by  anatomy  are  of  a  most  practical  char- 
acter, and  worthy  of  the  study  even  of  those  old  in  thp  pnc- 
tice  of  physic.  If  a  patient  complains  of  imin  on  tfie  surfaw 
of  the  body,  it  must  be  expressed  by  the  neiTe  which  residn 
{here;  there  is  no  other  structure  that  can  express  it,  aod 
somewhere  in  its  course  of  distribution,  between  its  periph- 
eral iilaments  and  its  central  point  of  origin  from  the  enreph- 
alon  or  tlie  spinal  cord,  the  pi-ecise  cause  of  this  pain  ex- 
pressed ujjon  the  surface  must  be  situated. 

INTERCOSTAL    NEfllALOtA, 

Those  forma  of  neuralgia  which  have  their  seat  in  the 
nerves  wldch  arise  from  the  dorsal  regi<m  of  the  spinul  conl 
are  grouped  under  the  tefm  "dorso-intercostal''  neural^. 
The  exact  seat  of  the  pain  varies  not  only  nith  the  speria] 
nen'e  affected,  but  also  with  the  bi-anrh  of  Ihe  ner\e  which 
seems  to  manifest  the  most  irritation.  Thus,  if  the  uppw 
two  nerves  are  involved,  the  pain  may  extend  t<j  the  arm  as 
well  as  the  trunk ;  if  the  posterior  branches  of  the  donal 
nerves  be  alone  involved,  the  pain  will  lie  i>erceived  in  iW 
back  and  loins  ;  and,  finally,  if  the  anterior  branches  be  alon« 
tlie  seat  of  pain,  it  will  i>B  confined  to  the  intercostal  sparai 
and  the  anterior  region  of  the  chest.  It  is  rare  tu  find  the 
anterior  and  posterior  branches  of  any  dorsal  nerve  simolta- 
neously  affected  wth  neundgia.  The  anterior  bRinchcs  bj* 
usually  the  ones  which  suffer,  and  the  jyiin  ossninus  a  type 
which  is  proppfly  railed  "intercostal." 

Intercostal  neuralgia  is  more  common  in  women  thao  la 
men,  and  cluefly  affects  w*eak,  hysterical,  and  anaemic  sub- 
[ects.     It  apjiears  often  in  those  who  are  convide»cing  fnim 

le  severe  type  of  disease.     Tlie  causes  to  which  this  fona 

nenndgia  can  be  traced  include  exposure  to  cold  or  damp- 

sss,  anatomical  changes  in  the  nerves  themselves,  di)«easefl  of 

Some  of  the  adjoining  organs  (especially  in  conncotinn  with 

phthisis),  embarrassment  tu  tlie  venous  return  u(  the  affected 
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region,  dilatation  of  the  venous  plexuses  of  the  interior  of  the 
vertebral  canal,  aortic  aneurisms  (wliicli  lead  to  absori)tion  of 
the  vertebrffi  or  ribs),  all  possible  diseases  of  the  vertebrae 
themselves,  and  also  of  the  ribs,  diseases  of  the  spinal  cord, 
and  malarial  affections. 

This  form  of  neuralgia  is  most  common  upon  the  left  side, 
and  Henle  has  attributed  this  clinical  fact  to  the  arrangement 
of  the  intercostal  veins  of  the  left  side,  *  which  relatively  tends 
to  impede  the  return  of  blood  upon  the  left  in  conti-ast  to  the 
right  side.  From  the  extensive  list  of  causes  which  have  been 
given — and  many  of  the  subdivisions  of  each  have  been 
omitted — it  can  be  readily  understood  that,  to  make  an  accu- 
rate diagnosis  as  to  the  etiology  of  intercostal  neuralgia,  is 
never  possible  without  a  most  thorough  physical  examination 
of  the  subjacent  organs,  the  bones  of  the  thorax,  and  the  con- 
ditions of  the  soft  tissues. 

The  symptoms  of  this  disease  are  generally  confined  to  the 
anterior  and  lateral  walls  of  the  ti-unk,  more  rarely  to  the 
back  and  the  loins.  The  area  of  the  pain  indicates  the  nerves 
affected,  which  is  often  a  point  of  great  value  in  searching  for 
the  cause.  While  the  pain  is  of  a  burning,  dull,  and  pereist- 
ent  character  for  the  greater  part,  yet  it  is  often  characterized 
by  paroxysms  of  tearing  and  lancinating  pains  which  follow 
the  course  of  the  nerves  affected  with  a  remarkable  precision. 
The  violence  of  these  paroxysms  may  be  very  great,  so  as  to 
cause  syncope.  All  respimtory  motions,  such  as  sneezing, 
coughing,  blowing  the  nose,  etc.,  increase  the  pain,  and  the 
skin  is  sensitive  to  the  slightest  pressure,  even  the  weight  of 
the  bedclothes  distressing  the  patient,  although  fiim  pressure 
may  sometimes  afford  relief.  While  the  paroxJ^sm  is  active, 
the  patients  sit  with  the  body  inclined  towai-d  the  affected 
side,  and  their  faces  indicate  the  most  extreme  anxiety. 
They  neither  dare  to  speak  loudly  nor  take  a  deej)  inspu-a- 
tion,  on  account  of  the  pain  induced  by  such  efforts. 

•  '  The  intercostal  veins  of  the  left  pide  empty  into  the  left  superior  intereostal  vein  or 
the  left  vena  azygos  ;  in  cither  case,  the  blcod  takcd  a  circuitous  route  to  the  superior 
Tcna  cava. 
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In  intercostal  neuralgia,  as  in  most  other  forms,  there  are 
certain  points  which  are  particularly  sensitive  to  pressnn?, 
and  are  of  great  aid  in  confirming  the  diagnosis.  These 
points  comprise,  first,  one  near  to  the  vertebral  column  (terk- 
bral  point\  where  the  nerve  emerges  from  the  inter- vertebral 
foramen ;  secondly,  one  at  about  the  middle  of  the  entire 
course  of  the  nerve,  corresponding  to  a  line  dropped  from 
the  center  of  the  axillary  space  {lateral  point)^  where  the 
lateral  branch  emerges  beneath  the  integument ;  and,  thirdly, 
one  in  front,  near  to  the  sternal  border  {anterior  or  sternal 
point),  where  the  anterior  perforating  branch  emerges  be- 
neath the  skin. 

For  some  unkno\NTi  reason,  the  intercostal  nerves,  when 
inflamed,  are  particularly  liable  to  be  associated  with  the 
appearance  of  that  foim  of  skin  disease  called  *' herpes  ros- 
ter." This  may  or  may  not  be  accompanied  by  neuralgic 
symptoms,  but  it  is  a  valuable  sign  of  a  neuritis  of  the  nerres 
supplying  the  region  aflfected. 

The  diagnosis  of  intercostal  neuralgia  can  often  be  made 
only  with  extreme  difliiculty.  That  rheumatic  affection  of 
the  muscles  of  the  chest  commonly  called  "  pleurodynia*'  is 
often  confounded  with  it,  and  the  diagnosis  is  to  be  made 
chiefly  by  the  presence  of  the  localized  i)oints  of  tenderness 
mentioned,  and  the  rapid  disappearance  of  all  symptoms  in 
the  course  of  a  few  days,  which  is  seldom  obsen-ed  in  true 
intercostal  neuralgia.  Pleurisy  is  also  to  be  differentiated 
from  this  disease  chiefly  by  its  physical  symptoms  ;  and  an- 
gina i>ectoris  is  to  be  told  by  the  phenomena  presented  by 
the  heart  and  the  pulse,  as  well  as  by  the  sense  of  impending 
death,  threatened  suffocation,  intense  anxiety,  and  the  fact 
that  the  pain  frequently  shoots  down  the  left  arm. 

XEUKALGIA   OF  THE   MAMMARY   GL.VXD   (MASTODYXIa). 

Tlie  skin  over  the  mammary  gland  is  supplied  by  the  an- 
terior and  latei-al  branches  of  the  second,  thinL  fnurtlu  fifth, 
and  sixth  intenY»stal  nenes,  and  by  some  filaments  deriveil 
from  the  supra-clavicular  nenes,  while  the  glandular  struct- 
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Tire  itself  is  supplied  by  the  lateral  perforating  branches  of 
the  fourth,  fifth,  and  sixth  intercostal  nerves.  This  region  is 
especially  liable  to  an  extreme  form  of  neuralgia,  first  de- 
scribed by  Sir  Astley  Cooper  under  the  name  of  "imtable 
breast."  So  intense  is  the  pain  in  some  cases  of  this  affection 
that  it  is  compared  to  the  sensation  of  cutting,  tearing,  or 
stabbing  the  part  with  a  knife.  It  is  usually  paroxysmal  in 
character,  and  generally  of  short  duration,  although  such 
attacks  may  last  for  some  hours. 

This  affection  seems  to  be  associated  \\ith  pregnancy, 
ansemia,  chlorosis,  hysteria,  and  the  development  of  neu- 
romata upon  the  nerves  of  this  region.  It  may  be  persistent 
and  remain  for  years,  and  is  particularly  obstinate  to  treat- 
ment. 

The  detection  of  painful  points  is  to  be  looked  for  in  the 
region  of  the  escai)e  of  the  nerves  which  supply  the  part  from 
the  inter- vertebral  foramina  ;  and,  in  some  instances,  the  ex- 
istence of  similar  points  may  be  detected  upon  the  breast, 
near  the  nipple,  and  upon  the  sides  of  the  gland.  The  at- 
tacks are  particularly  liable  to  exacerbate  during  the  men- 
strual i)eriods,  and,  during  the  height  of  the  paroxysm,  the 
pain  may  be  transmitted  by  other  nerves  into  the  neck,  down 
the  arm,  and  over  more  extended  areas  upon  the  chest  and 
back. 

PARALYSIS  OF  THE   DORSAL  NERVES. 

The  dorsal  muscles  control,  to  a  great  extent,  the  move- 
ments, fixation,  and  upright  position  of  the  vertebral  column, 
but  these  conditions  require  such  a  complexity  of  muscular 
action  that  it  is  often  difficult,  in  case  of  paralysis,  to  exactly 
decide  as  to  the  muscles  which  are  affected.  Various  degrees 
of  weakness  of  the  dorsal  muscles  are  often  present  in  youth, 
sometimes  on  one  side  and  sometimes  on  the  other,  and  oc- 
casionally affecting  the  whole  back  to  a  gieater  or  less  ex- 
tent. 

These  paretic  states  are  dependent  upon  rheumatic  affec- 
tions, diseases  or  injuries  of  the  vertebral  colnnm,  disturb- 
ances of  the  motor  regions  of  the  cerebrum,  lesions  of  the 


Tarious  gangliii  of  the  enoephalon,  and  lesions  of  the  kin« 
system  of  the  spinal  cord.  In  paraplegia,  the  motor  jKindysis 
often  extends  upward  to  the  muscles  of  the  trunk  ;  whilp, 
in  progressive  muscular  iitrophy,  the  mtiscles  of  the  dunal 
region  are  not  infrequently  involved. 

If  the  muscles  of  both  sides  of  the  baclt  be  pamlyzed,  tie 
spinal  column  gradually  tends  to  assume  the  condition  trf  a 
posterior  currature  {paralytic  kyphosis),  and  the  defnrmitjis 
usuaUy  most  marked  in  the  dorsal  region,  as  the  liimliar  and 
cei-^ical  regions  exhibit  it  to  a  less  degree  on  acenunt  of  tbfir 
anatomical  jjeculiarities.  If  the  extensor  muscles  of  the  Iwrk 
be  markedly  affected,  the  spinal  column  forms  au  i*qnal<le 
ciirve,  as  if  the  body  weie  bent  forwanl  as  in  okl  ape,  and  tlic 
patient  becomes  unable  to  voluntaiily  straighten  the  tmnk  lo 
its  noiTiial  jiosture.  >Vlien  passive  straightening  is  attempted, 
tlie  spine  is  easily  brought  into  its  proper  cun-e  ;  and  this  is  a 
point  of  diagnosis  between  paralytic  kyphoBis  and  the  An- 
formity  dependent  upon  structural  disease  of  the  vertebrw  ora 
state  of  muscular  contracture. 

The  muscles  most  frequently  affected  are  the  satTo-lom- 
balls  and  the  latissimns  doi-si.  If  they  be  paralyzed  nixm  ow 
side  only,  the  deformity  assumes  the  tji^e  of  scoliitsi.**,  as  a 
lateral  cun"ature  is  produced  by  the  muscles  of  the  lumffecini 
side.  In  this  case,  as  in  the  one  before  cited,  the  jiatient  is 
unable  to  i-ectify  the  deformity  l)y  any  volnntnry  roHscukr 
effort,  althongh  the  spinal  cun'e  can  l>e  easily  removed  by 
mechanical  aid. 

When  tlie  fxf-ensor  nntsdes  of  the  lumbar  rfffion  «w 
markedly  impaired,  the  attitude  assumed  by  the  patient  v 
very  characteristic.  It  consists  of  a  bending  of  th«  upfvr 
portion  of  the  trunk  in  a  backward  direction,  so  an  In  cum- 
pensate  for  tlie  Wnding  f<)rwai'd  of  the  lumi)ar  vertebnp ;  this 
bending  of  the  thoi-ax  backward  brings  tlie  upjwr  part  of  the 
b(Kiy  behind  the  center  of  gravity  of  the  whole  body,  and  the 
balance  is  presened  exclusively  by  the  action  of  the  musrW 
of  the  abdomen.  When  the  body  is  brought  too  far  forward, 
it  sinks  and  falls,  as  the  lumbar  muscles  fail  Ui  siipptirt  it  in 
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~lm  erect  postiii-e.     The  patient  can  not  then  bring  the  trunk 
into  its  former  x>ostnre  without  the  use  of  the  hands,  which 
3  employed  in  a  sort  of  :i  cliinbini,'  [irucess,  the  hands  being 


I 


Llumb«r  and  sacntl  poi'tii>a«  af  ilie  i^-ii'itt  «vin|jitiMii';  2,  tKiOflti  dorsal  pair;  S,  first 
lumbar  pair;  4,  4', ilio-hypogaalric  branch;  n,  6',  llio-iaKiiiDi>l  branch;  6,  second 
lumbar  pair ;  T,  origiD  of  tbe  geoito-crural  branch  ;  7',  IhU  twiiie  branch  appearing 
and  dcwonding  in  front  of  Ihu  praas  tnuwlE;  8,  oriijiti  of  the  pxtcrnal  cutaneoiia 
iwnrc;  8',  cbu  lamo  branch  Ieav1a<;  llie  border  of  the  p)>oafl,  and  diriiling  at  Ibu 
level  of  ibc  foM  of  the  groin ;  B,  third  lumbar  pnir;  10,  fourth  lumbar  pair;  II,  fifth 
liimliar  pair;  IS,  luml)o-«acra1  trunk  ;  13,  gluteal  braocb  of  the  lliohjpogailrie:  14, 
ita  Hbdnminal  bnincb;  19, its  |;enital  branches:  IS.eilamal  cutancoug  passing  under 
Poupart'i  ligament,  betoKn  Che  anterior  «np«rior  and  inferior  aplnra  of  the  Ilium; 
IT,  IT,  IT,  dirision*  of  this  branch;  IT',  point  of  oripinof  thrae  dirtsioni;  18,  18', 
genital  branch  of  tha  {ipnito-erural  nerve;  19,  19,  Esmond  division  of  tbi*  ncrre 
piercing  the  fa-tcia  lata  in  the  nei;;hhorhocid  of  tlio  fiaiilienoua  opening;  1ft',  tbia 
divisioD  v<po»ed  al  ths  fold  of  the  groin,  to  sliow  its  rolali'ing  with  the  femoral  arterj 
anil  IbeMphenous  vein;  20,  30',  anterior  orural  nerve;  SI,  £1*,  obturator  nerve. 

placfHl  upon  the  legs ;  a  series  of  peculiar  movements  of  the 
shoulders  and  trunk  then  follow,  which  are  employed  to  assist 
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the  arms  in  tossing  t!ie  trunk  bacltward  to  an  extent  sofflcimr 
to  allow  the  abdominal  muscles  once  more  to  support  it.  TUfa 
difficulty  in  bringing  the  trunk  above  the  level  of  ihe  lower 
limbs  is  typical  of  this  condition,  but  there  are  still  othir  ad- 
ditional points  of  diagnostic  value.  The  lumbar  region  pre- 
sents a  deep  hollow  ;  the  head  is  bent  forward  in  staiidinp  or 
walking;  and  the  trunk  may  be  seen  to  have  a  ivniarkaWi? 
oscillating  movement  when  the  patient  walks.  When  lli« 
patient  sits  down,  the  upper  portion  of  the  body  seems  to 
sink,  and  the  spine  presents  a  condition  of  kyphosis.  In  iaci. 
it  seems  hardly  possible  that  the  condition  con  be  mistaktro 
by  one  well  vei-sed  in  anatomy. 
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The  lumbar  neiTes  comprise  five  paira  which  esm|>e  fnnD 
the  intervertebral  foramina  of  that  region.  Like  all  (he  sjii- 
nal  ner\-es,  they  each  divide,  iramedi:itely  after  their  escape-, 
into  anterior  and  posterior  divisions,  the  former  of  which  ha.« 
a  larger  proportion  of  motor,  while  the  latter  has  «n  excess  of 
sensory  fibers.  These  nerves  are  of  special  intert>st,  fmm  Ih* 
fact  that  the  anterior  divisions  of  the  four  upper  nerves  aftdst 
to  forai  the  lumbar  plexus.  This  plexus  is  situated  in  (b« 
substance  of  the  psoas  muscle,  in  front  of  the  tnmsverse  pro- 
ceases  of  the  lumbar  vertebrre.  It  is  narrow  above,  w)i«re  it 
is  joined  to  the  last  dorsal  nerve,  but  below  it  l)er»ine9 
broad,  and  is  connected  with  the  sacral  jilexus  by  means  of 
the  lumbo-sacnil  cord  and  a  filament  from  the  fourth  lumbar 
nen'e.  The  table  which  I  now  show  you  will  giv«  yoo  an 
o])portunity  of  contrasting  the  relative  arrangemtmi  of  the 
anterior  and  iKJsterior  divisions  of  the  lumbar  nerv«s,asweD 
as  of  studying  the  origin  of  the  seven  main  nerve  tnmka 
given  off  from  the  lumbar  plexus. 

In  the  following  table  the  formation  of  the  lumbar  pleaaa 
is  shown,  as  well  as  the  branches  which  are  given  off  fniai 
each  nerve  which  assists  tu  form  it. 
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POSTEEIOR  DIVISIONS. 
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f  Filaments  to  erector  spins  muscle, 
P  ^       J    \  Filaments  to  the  intcr-transvefsalea 
.  "      ,*      \       mu*!cles, 
orancnes.    .   Fj|„n,entg  (^  intctfumcnt  of  back  part 

[      of  gluteal  region. 

)  Filaments  to  niultitidiis  spime  muscle, 
Filaments  to  inlei/umcnt  near  spinal 
column. 
f  Ilio-hypogastric  nerve,')  (Jiven  oif  by 
llio-inguinal  nervi*,        !      the  1st 
Communicating  to  2d  |      lumdar 
lumbar.  J      nerve. 

ficnito-crural  nene, 
External   cutaneous 


Infernal 
branches 


hv 


lUMBAR      I 
NERVKS.    I 


j  Anterior 

I  DIVISIONS 


1st  Lumdar 
ner\'e. 


2d     LrMBAR 

nerve. 


3d    LuMBAIt 

nerve. 


LlTMDAR 

Plkxus. 


> 


Atu  Li'MiiAi; 
nerve. 


nerve,  > 

Communicating  to  3d  | 
lumbar.  J 

Part  of  anterior  crural ' 

nerve, 
Part   of   obturator 

nerve. 
Part  of   accessory  ob- 
turator nerve. 
Communicating  to  4tli 
I        lumbar. 

I   Part  of  anterior  crural 
I       nerve, 

i    Part   of    obturator 
nerve. 
Part  of   accessor v  oh- 

turator  nerve, 
Lumbo-sacral  cord. 


Given  off  by 
the  2d 

LUMBAR 
NERVE. 


Given  off  bv 
the  3d 

LUMBAR 
NKRVE. 


> 


Given  oflf  by 
the  4th 

LUMBAR 
NERVE. 
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It  will  be  perceived  that  three  most  important  nen^es,  viz., 
the  anterior  entrain  tlie  obturator^  and  accessory  obturator 
nerves,  are  formed  by  branches  both  of  the  third  and  fourth 
lumbar  nerves,  and  therefore  may  be  said  to  arise  by  two 
heads.  The  accessory  obturator  nerre^  however,  arises  occa- 
sionally by  a  branch  derived  only  from  the  fourth  lumbar 
nerve,  its  other  head  being  a  branch  given  oflf  from  the  ol)tu- 
rator  nerve. 

Tlie  second  table,  to  which  I  now  call  your  attention,  is 
constructed  to  show  the  distribution  of  each  of  the  seven 
large  branches  of  the  lumbar  plexus.  This  table  may  aid  in 
refreshing  your  memories  while  following  the  subsequent 
lectures,  while  it  also  gives  you,  at  a  glance,  a  better  concep- 
tion of  the  aiTangoment  of  any  special  nerve  than  a  mere 
verbal  description. 

'Taken  from  **The  Essentials  of   Anatomy "  (Darling   and   Panney).     New   York: 
G.  P.  Putnam's  Sons,  IDSO. 
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THE  ILIO-HYPOGASTRIC  NERVE. 

This  nerve  is  named,  from  its  two  tenninal  filaments  of 
distribution,  the  iliac  and  hypogastric  branch.  It  is  given  oflf 
by  the  first  lumbar  nerve  in  company  with  the  ilio-inguinal. 
It  emerges  from  the  outer  border  of  the  psoas  muscle,  crosses 
the  quadratus  lumborum,  then  perforates  the  transversalis 
muscle  of  the  abdomen,  and  finally  divides  between  it  and 
the  internal  oblique  muscle  into  its  iliac  and  hypogastric 
branches. 

The  iliac  hranch  pierces  the  internal  and  external  oblique 
muscles  just  above  the  crest  of  the  ilium,  and  supplies  the 
skin  of  the  gluteal  region,  while  the  hypogastric  branch 
pierces  the  internal  oblique  and  the  aponeurosis  of  the  ex- 
ternal oblique  muscle  a  little  above  the  external  abdominal 
ring,  and  supplies  the  skin  of  the  hypogastrium.  In  some 
cases  the  ilio-inguinal  nerve  is  incompletely  developed,  and 
this  nerve  may  then  be  traced  downward  to  the  skin  of  the 
penis,  scrotum,  labium,  and  thigh. 

THE  ILIO-INGUINAL  NERVE. 

This  nerve  arises,  in  common  with  the  preceding  nerve, 
from  the  first  lumbar  nen^e,  but  it  is  smaller  in  point  of  size 
than  its  fellow.  Like  the  ilio-hypogastric,  it  pierces  the  outer 
border  of  the  psoas,  and  crosses  the  quadratus  lumborum 
muscle,  lying  below  the  preceding  nerve  ;  it  then  pierces  the 
transversalis  muscle,  enters  the  inguinal  canal,  passes  through- 
out the  entire  length  of  that  canal  in  front  of  the  spermatic 
cord,  and  supplies  the  skin  of  the  penis,  scrotum,  labium, 
and  of  the  upper  and  inner  portions  of  the  thigh.  It  is  some- 
times incompletely  developed,  in  which  case  the  ilio-hypogas- 
tric ner\'e  takes  its  place. 

CLINICAL   POINTS   PERTAINING  TO  THE   ILIO-HYPOGASTRIC   AND   ILIO- 
INGUINAL    NERVES. 

These  two  nerves  are  sometimes  the  seat  of  a  severe  form 
of  neuralgia.     It  may  be  produced  by  disease  of  the  lumbar 
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vertebrae,  structural  changes  in  the  parts  investing  the  lum- 
bar plexus,  pelvic  diseases,  exudations  in  the  substance  of 
the  psoas  muscle,  strains,  contusions,  exposure,  and  an  h\>- 
terical  condition.  The  pains  are  usually  of  a  paroxysmal 
character,  and  radiate  in  the  course  of  these  nerves  ;  they  are 
of  a  lancinating  type,  and  often  extremely  severe.  Painful 
points  may  be  detected  in  one  of  the  following  regions,  or 
possibly  in  all  of  them  :  1,  a  lumbar  point,  near  the  spinous 
processes  of  the  lumbar  vertebrae ;  2,  an  iliac  pointy  near  to 
the  middle  of  the  crest  of  the  ilium,  where  the  ilio-hyj^ogas- 
tric  nerve  jjierces  the  transversalis  muscle ;  3,  an  Jiypogastriv 
pointy  slightly  above  the  external  ring,  where  the  ilio-hypo- 
gastric  nerve  pierces  the  aponeurosis  of  the  external  oblique 
muscle  ;  4,  an  inguinal  point ;  and  5,  points  upon  the  scrotum 
or  labium.  It  is  stated  by  Notta  *  that  this  type  of  neuralgia 
may  be  occasionally  accompanied  by  an  increase  in  the  sexual 
appetite,  and  a  spasmodic  contmction  of  the  cremaster  muscle. 

This  form  of  neuralgia  is  to  be  diagnosed  from  rheumatic 
myalgia  of  the  longissimus  dorsi  and  sacro-lumbalis  muscles, 
and  from  those  types  of  chronic  affections  of  the  uterus  which 
induce  pain  in  the  back.  It  might  also  be  possibly  mistaken 
for  an  attack  of  renal  or  biliary  colic.  The  diagnosis  will  1^ 
made  chiefly  by  the  ''puncta  dolorosa  "  *  pre\dously  described, 
by  the  course  of  the  pain,  and  by  its  intense  paroxysmal  and 
lancinating  character. 

The  nerves  which  are  distributed  to  the  skin  of  the  ab- 
dominal walls  may  be  considered  as  comprising  two  distinct 
sets,  base<l  on  the  physiological  action  of  the  abdominal  mus- 
cles which  are  supplied  by  them.  According  to  Hilton,  the 
abdomen  may  be  divided,  on  a  line  corresponding  with  the 
situation  of  i\\e  umbilicus,  into  an  upper  or  respiratory  por- 
tion, and  a  lower  or  abdominal  portion.  The  upper  or  respi- 
ratory portion  is  supplied,  in  great  i)art,  by  the  lower  inter- 
costal nerves,  which  are  distributed  also  to  the  muscles  <if  the 

•  As  quoted  by  Erb. 

'  A  name  applied  by  Valleix  to  the  spots  of  extreme  local  tenderness  found  ak«^  tbf 
course  of  a  nerre  which  id  the  seat  of  neuralgia. 
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chest,  and  which,  if  taken  with  the  other  intercostxil  nerves 
as  a  group,  are  essentially  respiratory  in  their  function.  The 
lower  or  abdominal  portion  of  the  abdomen  is  supplied  chiefly 
by  the  ilio-hypogastric  nerve,  although  the  ilio-inguinal,  the 
genito-crural,  and  the  posterior  branches  of  the  lumbar  nerves 
assist  in  furnishing  motor  power  to  the  muscles  of  that  region. 
The  subjacent  peritonaeum  is  unquestionably  supplied  from 
the  same  sources  of  nerve  power  as  the  muscles  and  skin  of 
the  individual  regions  of  the  abdomen,  and  it  is  considered 
probable  by  the  author  above  quoted  that  the  spinal  nerves 
which  are  distributed  to  the  skin,  muscles,  and  parietal  peri- 
tonaeum may  be  also  associated  with  the  visceral  layer  under- 
neath, by  means  of  communications  with  the  sympathetic 
ner\^e.  The  abdominal  muscles  unquestionably  assist  the  co- 
lon in  its  endeavors  to  force  the  faeces,  by  its  peristaltic  action 
alone,  throughout  its  length,  since  the  force  of  gravity  has 
to  be  overcome  in  its  ascending  portion,  and  the  curves  of  the 
sigmoid  flexure  in  its  terminal  portion.  It  would  therefore 
be  an  additional  confirmation  of  a  general  law  of  nene  dis- 
tribution, provided  the  distribution  of  the  abdominal  nerves 
to  the  intestinal  covering  of  peritonaeum  could  be  fully  veri- 
fied ;  since  the  structures  which  assist  in  moving  the  adjacent 
organs — the  abdominal  muscles — would  be  supplied  from  the 
same  source  as  the  parts  moved,  as  well  as  the  skin  over  those 
muscles. 

THE   EXTERNAL   CUTANEOUS   NERVE. 

This  ner\-e  arises  from  the  trunk  of  the  second  lumbar 
nerve,  in  common  with  the  genito-crural,  but  it  usually  re- 
ceives a  few  filaments  from  the  third  lumbar.  It  pierces  the 
psoas  muscle,  near  to  its  central  point,  and  crosses  the  iliacus 
muscle  in  order  to  reach  a  notch  below  the  anterior  superior 
spine  of  the  iliam,  where  it  escapes  below  Poupart's  ligament. 

The  anterior  branch  of  this  nerve  pierces  the  fascia  lata  at 
about  four  inches  below  Poupart's  ligament,  and  supplies  the 
integument  of  the  anterior  and  outer  aspects  of  the  thigh, 
while  the  posterior  branch  supplies  the  integument  of  the 
outer  and  posterior  aspects  of  the  same  region.    Both  of  these 
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quadratus  lumborum.  This  fact,  which  is  true  also  of  the 
genito-cniral  ner\  e,  is  to  be  remembered  in  tracing  the  seat  of 
origin  of  a  pain  felt  in  the  regions  supplied  by  either  of  these 
nerves.  We  would  naturally  look,  as  we  pass  toward  the 
trunk,  either  to  find  the  cause  of  such  a  pain  (manifested  by 
the  external  cutaneous  nerve)  in  the  region  of  Poupart's  liga- 
ment, or  to  detect  some  pelvic  cause  involving  the  iliacus 
muscle,  some  abnormal  condition  of  the  psoas  muscle,  or  some 
lesion  of  the  vertebrae  in  the  lumbar  region. 

THE   GEXITO-CRURAL    NERVE. 

This  nerve  arises,  in  common  with  the  external  cutaneous, 
from  the  second  lumbar  nerve,  although  it  occasionally  receives 
some  filaments  from  the  first  lumbar.  It  pierces  the  psoas 
muscle,  and  divides  into  its  two  terminal  branches  upon  its 
anterior  surface. 

The  genital  brancJi  crosses  the  external  iliac  artery  and 
passes  through  the  inguinal  canal  to  supply  the  cremaster 
muscle  and  the  scrotum  or  labium ;  it  lies  behind  the  sper- 
matic cord  in  the  male  and  the  round  ligament  in  the  female. 

The  crural  brancJi  i)ierces  the  fascia  lata  (after  escaping 
beneath  Poupart's  ligament  on  the  inner  side  of  the  psoas 
muscle)  on  the  outer  side  of  the  femoral  vessels,  and  supplies 
the  skin  of  the  upper  and  anterior  part  of  the  thigh,  anasto- 
mosing with  the  middle  cutaneous  branch  of  the  anterior 
crural  nerve. 

CLINICAL    POINTS    PERTAINING  TO   THE    EXTERNAL    CUTANEOUS   AND 

GENITO-CRURAL  NERVES. 

As  both  of  these  nerves  are  distributed  chiefly  to  the  integ- 
ument, a  knowledge  of  their  anatomy  affords  the  intelligent 
practitioner  a  means  of  tracing  the  situation  of  any  local  cause 
of  a  pain,  confined  to  tlie  regions  which  these  nerves  supply. 
While  tlieir  course  is  such  as  to  render  them  less  liable  to 
local  pressure  or  injury  than  the  obturator  or  anterior  crural 
nerves,  and  while  the  fact  that  they  are  distributed  to  no 
muscles  (excepting  the  cremaster)  dejnives  them  of  much  of 
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the  physiological  interest  which  other  nen-es  possess,  still  it 
is  possible  to  imagine  certain  localized  conditions  of  the  i)soas 
and  iliacus  muscles,  local  swellings  in  the  vicinity  of  Pou- 
part's  ligament,  and  possible  forms  of  vertebral  disease  whidi 
might  be  manifested  exclusively  through  the  medium  of  these 
nerves. 

THE   ANTERIOR  CRURAL  NERVE. 

This  is  the  largest  branch  of  the  lumbar  plexus.  It  ariiiJes 
mainly  from  the  third  and  fourth  lumbar  nerves,  but  often 
receives  a  fasciculus  from  the  second.  In  its  course,  it  i»er- 
forates  the  psoas  muscle,  emerging  from  it  at  the  lower  i>ari 
of  its  outer  border.  It  then  passes  between  the  psoas  and 
iliacus  muscles,  and  enters  the  thigh  by  escaping  under  Pon- 
part's  ligament  about  one  half  inch  to  the  outer  side  of  the 
femoml  artery.  Its  main  divisions  (the  middle  and  internal 
cutaneous  and  long  saphenous  nerves)  are  given  off  after  it 
enters  the  thigh.  The  distribution  of  each  of  these  terminal 
branches  is  shown  you  upon  the  table,*  but  I  would  call  yonr 
attention  to  some  points  of  special  interest  i)ertaining  to  the 
anterior  crural  nerve,  which  will  perhaps  enable  you  to  ai>- 
preciate  the  value  which  some  portions  of  this  table  pos- 
sess. 

The  anterior  crural  nerve  supplies  nearly  all  of  those  miis- 
cles  which  are  employed  in  the  first  effort  of  progression. 
As  the  act  of  taking  a  step  foi'ward  is  performed,  we  flex  the 
thigh  upon  the  pelvis,  we  extend  the  leg  at  the  knee,  and  wh 
slightly  evert  the  foot.'  Now,  all  the  muscles  which  aid  iis 
in  performing  these  various  movements — the  psoas  and  ilia- 
(His,  the  pectineus  and  sartorius,  the  four  muscles  of  the 
quadriceps  extensor,  and  the  subcrureus — are  supplied  by  the 
anterior  crural  nerve.  This  nerve  also  sends  branches  both  to 
the  knee  joint  and  liij)  joint ;  the  capsular  ligament  of  the 
former,  as  well  as  that  of  the  latter,*  being  supplied  by  fila- 
ments whicli  can  easily  be  demonstrated  by  dissection.     If  we 

'  Sec  pajro  438  of  this  volume  *  John  Hilton,  op.  ci£. 

'  This  fact  is  not  so  stated  l>y  all  of  the  text-books  upon  dcscriptirc  anatomT.  bnt, 
nevertheless,  I  regard  it  as  eapablc  of  demonstration. 
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now  consider,  in  the  thinl  jilact",  tbat  the  cutaneous  branches 
of  this  neire  supply  the  skin  of  the  thigh,  and  also  the  re- 
gions over  the  two  joints  mentioned,  we  are  enabled  to  again 


he.   164.— 7'Ae  mfmifir  hranehft  of  Ihr  mihribr  and  inlirital  portieiit  of  tht  thigh. 

I,  BDlcrior  cninl  ncrrc  ;  2.  branrh  wliii'li  ii  fumi~he^  to  tho  ilium*  musi^le  ;  3.  tvig  Khirh 
it  sends  to  the  internal  portion  of  tlie  {iwa^  imii'cU' :  4,  tiiiiIiIIp  riitsneou:!  brancli  of 
the  anterior  oruni,  whixfe  three  liranclics  linrc  I>e»n  ilividi-d  <.'lo.>«  to  thdr  origin  in 
order  to  show  the  hranclies  to  the  (|iuidiii:ep4  cx(enx>r  and  the  inlemnl  raphcnou^ 
nerre,  vhieb  are  more  AcvpVt  [ilaei--] :  Ji  and  6,  mu^ciilar  filankcotii  of  the  internal 

the  level  of  the  iia|>henoiia  opcninir ;  ".  de^-p  or  ana-loirintic  filament  of  the  inlemil 
L'utaneous  branch  of  the  anterior  iniral :  '.'.  liranehes  to  tlic  reclu;!  musele :  1", 
branrhen  to  the  va5ta<<  externu:i :  11.  In-ani'hr'.':  In  Ibc  vs'^tur' inteniiis;  ]■■,  I S,  inter- 
nal saphenou.i  ncrte ;  13,  jiali'llar  brancli  "f  thi*  nerve;  1 1.  it.<  Tertical  or  tibial 
branch:  15.  obturator  ncrri-:  lA.  brarK'h  mhieli  it  fumisbe*  lo  the  aililuclor  lon^ii;= : 
n,  braoeh  to  the  adductor  brevis;  |h.  branch  lo  tlie  •rrariii- :  I'J.  branch  to  the  a'l- 
duclor  nuMplui' ;  31.  Iiinilxi^aeral  inink  ;  :il.  jnnelion  of  tlii-  ni'ne  with  thi'  Gr><t 
fncral  nerre :  32,  it,  lumbar  and  savtal  portluus  uf  tbc  Ft[u[>:itlictic ;  SU,  eilcmal 
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Fin.  IfiS. — A  ditfTrnm  of  Ihf  e»lanfouii  mpp'n  of  (ht  a<i 
I,  ri'pion  puppliuJ  lij  llif  lali'inl  br«nc;h('S  of  the  inlero 
the  anttTiur  l>rani-hcK  of  the  inlcrcoiitul  Di^rvcK; 
pasiriu  nerve;  4,  rejElnn  BU|i[ilieil  hy  ihc  ilio-insi 
ihi- •wiiitO'CrumI  ncrrei  «,  n'Rion  mippliod  by  (li 
anterior  t'riirnl  ncrrc ;  7.  ri'fjion  Biippliiil  hy  the 
aiili'rior  cniral  nerve  nnil  partly  by  the  nbti 


rior  aiqxrt  ofihe  lorrr  ntriwutf. 
Inl  Qcrves  ;  2.  iV|ni>n  iwipplW  *? 
rej-ioo  supplied  by  the  i.ii4in* 
Lsl  nerre ;  6,  rv^n  *i]|iptirdki 
niiddle  cuuneonii  bnnrti  et  Ac 
ilemal  mlancou*  bnnrh  of  A) 
iierrc ;  B,  refion  mipplM-d  b;  tk 
ipplk'tl  by  the  long  uphenouii  braocfa  nitb 
niili'rior  vniral  nerve  ;  10.  re^Hon  mipplii'd  by  the  branehe*  of  the  cxteraal  frytutl 
lUTve;  1 1,  rv,^ion  Milpplleil  bylhc  muwulu  cutancoiiK  ncrro  ;  IS,  refpna  rappbtd  b* 
the  terminal  filaments  of  tho  musculo^'Ulaneous  nerrc;  ]S,  rcfdon  (upfklinl  bill* 
external  Maphcnoui  aerre :  14,  rej^ion  supplied  by  the  anterior  tibial  nerw. 
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record  a  confirmation  of  that  axiom  of  Hilton/  that  a  nerve 
whicli  supplies  a  joint  must  supply  also  muscles  which  move 
that  joint,  and  the  skin  over  the  insertion  of  those  muscles. 
The  long  saphenous  nerve  seems,  at  first  sight,  to  extend  far 
beyond  the  limits  of  the  muscular  distribution  of  the  anterior 
crural,  but,  when  we  look  closely  into  the  anatomical  rela- 
tions of  the  fascia  of  the  leg,  we  find  that  the  niuscles  sup- 
plied by  the  anterior  cruml  nerve  are  attached  to  it,  especially 
the  sartorius,  whose  insertion  into  this  fascia  is  as  intimate 
as  that  of  the  biceps  into  the  fascia  of  the  forearm  ;  and 
we  also  notice  that  the  cutaneous  distribution  over  this 
fascia  is  derived  from  the  same  sources  as  are  the  muscles 
which  are  attached  to  it.  This  fact  is  in  perfect  accord  with 
the  axiom  given  in  a  previous  lecture,  viz.,  that  a  fascia,  to 
which  muscles  are  attached,  must  be  considered  as  one  of  the 
points  of  insertion  of  the  muscles  connected  with  it,  and  that 
the  cutaneous  distribution  over  such  a  fascia  will  be  found  to 
be  derived  from  the  nerves  which  supply  those  muscles.  AVe 
thus  discover  in  the  lower  extremity  the  same  general  laws 
of  ner^'e  distribution,  as  were  verified  in  connection  with  the 
upper  extremity,  fully  carried  out ;  and  it  is  thus  that  many 
of  the  apparent  deviations  from  the  natural  order  of  nerve 
supply  may  be  explained  by,  and  often  act  as  guides  to,  the 
presence  of  some  anatomical  fact,  whose  physiological  impor- 
tance had  either  not  been  recognized  or  properly  appre- 
ciated. 

CLIXICAL   POINTS   PERTAINIXG   TO  THE   ANTERIOR  CRURAL   NERVE. 

The  relation  of  this  nen^e  to  the  femoral  artery  as  it  passes 
underneath  Poupart's  ligament  and  its  still  more  intimate  re- 
lation with  tliat  vessel  in  Scarpa's  space  render  it  of  special 
interest  to  the  surgeon.  Its  internal  cutaneous  ])ranches 
cross  the  uj^per  part  of  the  femoral  artery  in  that  space,  ])e- 
fore  it  l)ec()mes  properly  a  cutaneous  nerve ;  while  tlie  long 
saphenous  nerve  lies  to  the  outer  side  of  that  vessel  for  nearly 
its  entire  length,  being  at  first  slightly  removed  fi-om  it,  but 
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approaching  it  more  closely  in  the  lower  part  of  its  coun^e. 
This  latter  nerve  also  bears  an  intimate  relation  with  the  in- 
ternal saphenous  vein  for  the  greater  portion  of  its  course; 
hence  the  pain  experienced  from  varicose  veins  in  this  regi<in.' 

It  is  customary  with  surgeons  to  regard  a  />«//?.  which  L* 
localized  at  the  inner  side  of  the  knee  (since  the  obturator 
nerve  is  distributed  to  that  region)  as  strongly  diagnostic  of 
disease  of  the  hip  joint,  because  that  nerve  is  supposed  to  hare 
an  intimate  connection  with  the  internal  structures  of  the  hip. 
So  strongly  is  this  impression  grounded  in  the  minds  of  some 
of  our  prominent  surgical  authors  that  the  presence  of  pain 
in  any  other  locality  than  that  just  mentioned  is  not  om- 
sidered  as  particularly  indicative  of  morbus  coxarius:  and 
the  inference  is  certainly  implied,  if  not  directly  stated,  that 
the  accumcy  of  diagnosis  of  this  condition  can  be  questioned 
if  this  symptom  be  not  confined  to  the  region  supplied  by  the 
obturator  nerve.  I  am  not  prepared  to  admit  that  pain  in  the 
knee  is  always  present  in  morbus  coxarius,  nor  am  I  inclinnl 
to  think  that  tlie  anterior  crural  nerve,  from  its  distribution 
to  the  capsular  ligament  of  the  hip  joint,  can  not  also  l>e  i»ne 
of  the  sources  of  sympathetic  pains  referred  to  the  knee,  in 
case  the  hip  be  diseased.  I  admit  that  the  obturator  nerve, 
from  its  distribution  to  the  internal  structures  of  the  hip  joint,' 
is  the  most  frequent  source  of  transmission  of  these  sympa- 
thetic pains ;  but  the  sciatic  and  anterior  crural  ner\es  may 
also  indicate  an  imtation  of  their  filaments  to  the  capsule  of 
the  hip  by  i)ains  referred  to  the  other  regions  which  they 
supply. 

Spasm  of  the  quadriceps  extensor  muscle,  which  is  snjv- 
plied  by  the  anterior  crural  nerve,  is  often  observed  in  artic- 
ular neuralgia  of  the  knee  joint ;  while  the  rigid  extension 
of  the  leg  upon  the  thigh,  met  with  in  tetanus,  is  dept*ndenl 
upon  irritation  of  this  nerve.     In  his  treatise  upon  nervou.-^ 

'  A^aricose  voins  arc  most  common  on  the  inner  side  of  the  leg.  Tlie  pain  <»f  tlw* 
tumors  may  often  be  arrested  by  simple  elevation  of  the  foot,  since  the  cxccsi#  of  Mw^ 
ill  the  part  is  thus  relieved. 

^  It  U  chumtMl  by  Hilton  that  thin  nerve  is  distributed  chiefly  to  the  U^mcntam  terH, 
and  that  thid  accounts  for  it  being  so  frequently  affected  by  disease  of  tbe  hip  joint 
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diseases,  Eulenberg  reports  a  case  of 
clonic  spasm  localized  in  the  quadri- 
ceps extensor  muscle  whicli  was  in- 
duced whenever  an  attempt  to  walk 
or  stand  was  made,  but  such  cases  are 
of  rare  occurrence. 

Paralysis  confined  to  the  anterior 
crural  nerve  is  not  of  common  occur- 
rence, but  is  still  observed  as  a  result 
of  injuries  to  the  vertebral  column  and 
pelvis,  from  tumors  and  extravasa- 
tions of  blood  in  the  region  of  the 
Cauda  equina,  and  as  a  sequel  to  a 
severe  tj-pe  of  inflammation  of  the 
knee  joint.  It  has  been  known  to  oc- 
cur in  connection  with  psoas  abscess 
and  simple  inflammation  of  the  psoas 
muscle;  while  fractures  of  the  tliigh, 
cuts,  stab  wounds,  neuritis,  pelvic  tu- 
mors, and  tumors  of  the  thigh,  have 
been  reported  as  inducing  this  type  of 
paralysis.  Finally,  it  is  a  frequent 
symptom  of  spinal  paralysis  in  all  of 
its  foiins,  and,  more  rarely,  of  cere- 
bral paralysis  and  of  pn>gressive  mus- 
cular atrophy. 

From  what  has  i>een  already  said 
as  to  the  distributi(m  of  this  nerve  to 
muscles,  it  is  easy  to  understand  that 
the  symptoms  of  this  type  of  i>aralysis 
will  be  confined  to  the  inability  of  the 
anterior  thigh  muscles  to  perform 
their  accustomed  functions.  Such  pa- 
tients can  not  Hex  the  leg  at  the  hi]> 
joint  or  raise  the  body  from  the  re- 
cumbent positicm ;  neither  are  they 
able  to  extend  it  nor  to  move  the  leg 
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and  foot  forward  when  sitting.  For  this  reason  standing  and 
walking  are  rendered  very  insecure,  and  such  acts  as  running, 
jumping,  etc.,  are  often  impossible  with  patients  so  afflicted. 
The  regions  of  the  skin  which  are  supplied  by  the  anterior  cni- 
ral  nerve  may  manifest  disturbances  of  sensibility.  If  the  scro- 
tum, labium,  hypogastrium,  or  inguinal  regions  exhibit  the 
same  disturbances  of  sensibility,  the  seat  of  the  paralysis  \s^ 
positively  indicated  as  being  above  the  origin  of  the  branches 
of  the  two  upper  lumbar  nerves  (ilio-hypogastric,  ilio-ingui- 
nal,  genito-crural,  and  external  cutaneous  nerves).  Among 
the  evidences  of  disturbed  sensibility  which  you  may  l>e  called 
upon  to  recognize  may  be  mentioned  the  conditions  of  anaes- 
thesia, hyperesthesia,  the  sensations  of  furriness,  numbness, 
and  chilliness. 

AtropJiy  of  the  muscles  supplied  by  the  anterior  cniral 
nene  may  follow  such  paralysis.  This  is  generally  so  well 
defined  as  to  be  apparent  to  the  naked  eye  when  the  two 
thighs  are  compared ;  but  it  may,  occasionally,  be  so  slight  as 
to  require  careful  measurement  of  the  thighs.  In  some  cases. 
certain  muscles  exhibit  this  atrophy  more  than  others  of  the 
group,  and  even  parts  of  muscles  may  appear  flaccid,  relaxeil, 
and  shrunken,  while  others  presence  their  normal  appearance. 

Crural  neuralgia  may  be  manifested  by  i)aroxysms  <»f 
pain  upon  the  anterior  and  inner  surfaces  of  the  thigh  and 
leg.  It  may  affect  the  inner  border  of  the  dorsal  surface  (»f 
the  foot  and  hirge  toe.  It  is  less  fi-equent  than  neiiralgia  of 
the  sciatic  nerve,  which  affects  the  back  of  the  leg  and  plantar 
region  of  the  foot.  This  diseased  c(mdition  may  result  from 
compi-ession  of  the  lumbar  plexus,  from  degeneration  of  neigh- 
boring lymphatic  glands,  exudations  upon  or  in  the  substance 
of  the  psoas  muscle,  aneurism  of  the  iliac  arteries,  strangu- 
lated hernia  of  the  femoral  region,  dislocations  at  the  hip 
joint,  traumatism,  exposure  to  cold  or  dampness,  coxalgia, 
etc.  The  diagnostic  points  of  tenderness  are  detected  as  fol- 
lows: 1.  a  crural  jxdnt,  at  the  exit  of  the  nene  below  Pou- 
j«i*t's  ligament ;  2.  an  anterior  femoral  point  at  the  phice 
of  exit  of  the  saphenous  nene  thnaigh  the  fiiscia  lata  ;  3,  an 
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articular  point,  at  the  inner  side  of  the  knee  joint,  where 
the  nerve  divides ;  4,  a  plantar  pointy  on  the  inner  side  of 
tlie  foot ;  and,  finally,  i3,  a  digital  pointy  over  the  tuberosiry 
of  the  big  toe. 

Spasm  of  the  muscles  of  the  hip,  supplied  by  the  anterior 
crural  nerve  (the  spasmodic  contracture  of  Stromeyen,  may 
occur  from  any  of  the  causes  of  crural  paralysis  previou^ily 
mentioned.  The  thigh  is  then  flexed,  the  pelvis  raised  up  on 
the  affected  side,  and  the  limb  shortened  and  made  rigid. 

THE  OBTURATOR   NERVE. 

This  nerve  arises  mainly  from  the  third  and  fourth  lumbar 
nerves,  but  it  often  receives  a  fasciculus  from  the  second.  It 
descends  in  the  innermost  fibers  of  the  psoas  muscle,  as  far  as 
the  level  of  the  brim  of  the  pelvis,  when  it  escapes  from  the 
inner  border  of  that  muscle,  crosses  the  sacro-iliac  articula- 
tion, accompanies  the  obturator  vessels  along  the  outer  wall 
of  the  pelvis  lying  slightly  above  them,  and  passes  into  the 
thigh  through  the  upper  part  of  the  obturator  foramen. 

The  table,'  previously  referred  to,  will  enable  you  to  grasp 
the  details  of  the  subdivisions  of  this  ner^'e,  and  the  distribu- 
tion of  each  bmncli ;  but  it  fails  to  point  out  some  important 
facts  pertaining  to  this  nerve,  which  help  to  explain  its  ])hysi- 
ological  attributes  and  to  elucidate  its  clinical  bearings. 

In  the  iirst  place,  we  can  see  by  this  table  that  the  obtu- 
rator nerve  sends  filaments  to  the  hip  joint  and  the  knee 
joint.  To  the  former  articulation  two  filaments  of  this  nerve 
can  be  traced,  one  given  off  to  the  capsular  ligament,  as  the 
ner\"e  passes  through  the  obturator  foramen,  the  other  given 
off  to  the  ligjimentum  teres  in  the  region  of  the  notch  in  the 
acetabulum  ;  while,  in  the  case  of  the  knee  joint,  the  obturator 
nerve  sends  filaments  which  enter  that  articulation  at  its  pos- 
terior part,  and  which  are  probably  intimately  associated 
with  its  internal  structures.  The  close  relation  which  thfa 
nerve  beara  to  the  sacro-iliac  articulation  renders  it  probable 

*  See  page  438  of  this  voluuie. 


the  most  excellent  monograph  of  Hilton'  as  follows: 
disjmsed  to  think  it  sends  some  filaments  to  tliat  artirHlalion. 
or,  at  any  rate,  it  lies  close  to  it  and  would  l»e  likely  to  suHw 
from  its  proximity  to  it  ivlien  diseased."  Now,  this  distribn- 
tion  to  the  internal  portions  of  two  joints,  and  jKissibly  to  a 
third,  is  the  best  possible  explanation  of  the  fart  that  Ibe  nh- 
turator  nerve  is  the  most  frequent  source  of  transmissifm  at 
sympathetic  jtains,  in  ease  the  hip  joint  be  the  spal  of  ihp 
disease,  since  the  situation  of  its  filaments  causes  it  lo  per- 
ceive the  first  infiammatory  changes  within  the  hip  :  and  the 
effects  of  this  irritation  are  natui-ally  manifested  in  its  termi- 
nal filaments^n  the  knee  joint  and  t)ie  skin  upon  the  inner 
side  of  that  articulation. 

When  we  consider  the  course  of  the  obturator  nerve  mure 
in  detail,  we  ^ill  perceive  that  pain  in  the  region  itf  thtr  knet 
may  be  due  to  other  causes  than  morbus  coxarins,  Ii  may 
be  the  external  evidence  of  disease  of  the  third  or  fourth  lum- 
bar vertebne,  of  disease  of  the  sncro-iliac  articulation,  «>I  a 
psoas  abscess  pressing  upon  it,  and,  if  the  pain  be  c^infined  to 
the  left  side,  a  distention  of  the  sigmoid  flexure  of  the  colon 
by  feeces,  or  a  malignant  tumor  of  that  portion  of  the  colon 
or  of  the  rectum  might  create  pain  in  this  region.  It  b  well 
therefore,  when  a  patient  suffering  fn)m  a  pain  localized  njioo 
the  inner  aspect  of  the  knee  joint  is  brought  to  you,  to  caw- 
fully  examine  all  the  different  portions  of  the  coarse  of  ik* 
obturator,  anterior  crural,  and  sciatic  nerves  l>efore  ycm  de- 
cide as  to  the  exciting  cause  of  the  pain,  remembering  ulways 
that  pain  can  be  perceived  tlirough  no  other  struct  un»  thun 
the  nen-es  which  are  distributed  to  the  region  where  the  pahi 
is  felt,  and  that,  by  following  the  course  of  the  nerve  suffer- 
ing from  in-itation,  the  seat  of  the  disease  to  which  ihe  pain 
is  due  may  be  confidently  sought  for. 

The  distribution  of  the  obturator  nene  affords  us  some 
lessons  as  to  the  physiological  groupings  of  the  niitsclts  whlrfi 
art  upon  the  thigh  and  leg.  It  first  supplies  the  ohtitntor 
extemus,  and  then  the  adductor  brevis,  the  addiirtur  loDfnUi 

'  op.  til. 
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the  adductor  magnus,  and  the  gracilis.  In  some  cases  the 
pectineus  is  supplied  by  this  nerve  or  the  accessory  obturator 
nerve,  but  its  chief  source  of  supply  is  undoubtedly  from  the 
anterior  crural.  This  fact  would  seem  to  indicate  that  the 
gracilis  muscle,  whose  supply  from  the  obturator  nerve  is 
very  constant,  should  be  classed  as  an  adductor  muscle,  rather 
than  as  a  flexor,  and  that  this  is  its  true  action  seems  well 
proven  on  mechanical  principles.  Its  point  of  insertion  is 
just  below  the  central  point  of  the  limb  which  it  moves,  hence, 
it  seizes  the  limb  just  beyond  the  central  point,  between  the 
fulcrum  (the  hip  joint)  and  the  resistance,  and  is  thus  able  to 
greatly  assist  the  adductor  muscles.  The  obturator  nerve  is 
thus,  physiologically  considered,  the  adductor  nerve  of  the 
lower  extremity,  while  the  muscles  which  it  supplies  also  act 
as  external  rotators  of  the  thigh,  on  account  of  the  obliquity 
of  their  fibers.  That  the  pectineus  muscle  acts  as  a  flexor  as 
well  as  an  adductor  is  proven  by  its  nerve  supply,  as  well  as 
by  the  direction  of  its  fibers  and  its  points  of  origin  and  in- 
sertion, since  it  receives  filaments  both  from  the  anterior  cru- 
ral and  obturator. 

CLINICAL   POINTS   PERTAINING   TO  THE  OBTURATOR    NERVE. 

The  diagnostic  value  of  pain  in  the  region  of  the  knee 
joint  as  an  evidence  of  disease  in  other  localities,  to  which 
the  obturator  nerve  is  either  distributed  or  with  which  it 
bears  some  intimate  relations,  has  been  discussed  already  at 
some  length. '  Such  a  pain  may  be  dependent,  however,  also 
tiI)on  lesions  interfering  with  the  free  action  of  the  anterior 
crural  and  sciatic  nerves,  and,  for  that  reason,  the  course  of 
these  three  nerves  should  always  be  carefully  examined  be- 
fore a  positive  diagnosis  can  be  made  as  to  the  exciting  cause 
of  pain  in  the  region  of  the  knee. 

The  obturator  nerve  is  even  less  frequently  affected  with 
isolated  paralysis  than  the  anterior  cruml,  but,  if  so,  it  may 
be  referable  to  the  same  list  of  causes.  In  addition  to  the 
causes  mentioned,  may  be  added,  however,  compression  of  the 

'  See  pogc  448  of  this  volume. 


obturator  nerve  fi-om  a  strangulated  hernia  tlirough  Iho 
rator  foramen,  the  pressure  exerted  hy  the  head  of  a  tcptiu 
during  its  passage  through  the  pelris,  and  the  use  of  forveps 
during  difficult  labors. 

From  what  has  been  said  as  to  the  supply  of  ninscles  \>y 
this  nerve,  it  is  apparent  that  a  patient  afflieted  with  obtu- 
rator paralysis  can  not  addnct  the  thigh,  or  perform  the  acts 
of  pressing  the  knees  tightly  together  or  of  crossing  the 
affected  leg  over  the  other.  Since  the  adductor  niusele:*  luuist 
in  the  external  rotation  of  the  thigh,  this  movement  bi  un- 
paired, especially  in  the  sifting  posture,  when  th«  external 
rotators  attached  to  the  great  trochanter  are  rendered  inert. 
The  affected  leg  soon  becomes  fatigued  in  walking,  nnd  riding 
upon  horseback  is  difficult,  since  the  knees  can  not  jL^nixp  tlic 
saddle.  Some  disturbances  of  sensibility  may  be  deteottnl  in 
the  regions  of  the  skin  supplied  by  this  nerve  ;  these  will  be 
the  same  in  character  as  those  mentioned  as  existing  in  cmral 
paralysis. ' 

THE    ACCESSORY    OBTCBATOR    fJEBVE. 

This  nerve  is  sometimes  wanting.  When  it  is  present,  its 
origin  is  extremely  varialile.  It  may  arise  fi-om  tho  third  and 
fourth  lumbar  nerves ;  from  the  fourth  lumbar  and  ubtunuur 
nerves ;  or  by  separate  filaments  derived  from  the  seound. 
third,  and  fourth  lumbar  neiTes.  It  descends  along  lh«  iuner 
side  of  the  psoas  muscle,  crosses  iu  front  of  the  pul»es,  passes 
behind  the  pectineus  muscle,  and  there  divides  into  bnutrbe» 
to  the  ppctineus  and  the  hip  joint.  It  usually  ^ves  off  a  laig« 
branch  of  communication  to  the  obturator  nerve  (irhirh  is 
often  larger  than  the  continuation  of  the  accessory  uvrve  It- 
self), and  terminates  as  a  cutaneous  nerve  to  the  lliigh  aod 
leg. 

The  frequent  absence  of  this  nerve  deprives  il  of  any  clin- 
ical importance,  as  it  is  impossible  in  any  one  case  lo  deride 
if  pain  in  the  regions  supplied  by  the  obturator  nen-e  is  jKirtly 
due  to  the  accessory  obturator  or  not,  while  the  variations  in 

■  Sec  pat'e  400  of  this  v< 
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the  method  of  origin  of  the  nerve  renders  it  impossible  to 
definitely  decide  as  to  the  seat  of  irritation,  pro\dded  the 
pain  could  be  traced  to  the  accessory  ner\'e  and  localized 
above  the  pelvis. 

THE  SACRAL  NERVES. 

We  now  have  reached,  in  the  natural  progress  of  this 
course  of  lectures,  the  terminal  nerves  of  the  spinal  cord. 
As  was  the  case  with  those  of  the  lumbar  region,  the  sacml 
nerves  divide  into  anterior  and  posterior  divisions,  but  they 
differ  from  the  lumbar  nerves  in  the  fact  that  these  ante- 
rior and  posterior  divisions  escape  from  separate  foramina 
in  the  sacrum,  while,  in  the  portions  of  the  cord  above  the 
sacral  region,  the  spinal  nerves  divide  after  their  escape 
from  the  inter-vertebral  foramina.  These  nerves  form,  by 
their  anterior  divisions  and  the  addition  of  the  lumbo-sacral 
cord,  the  sacral  plexus  ;  while  their  posterior  divisions  are 
distributed  to  the  muscles  of  the  lower  lumbar  region  and 
to  the  integument  of  the  gluteal,  sacral,  and  coccygeal  re- 
gions. 

The  sacral  plexus  is  triangular  in  shape,  and  is  formed 
by  the  lumbo-sacral  cord,  the  three  upper  sacral  nerves 
(their  anterior  divisions),  and  a  portion  of  the  fourth  sa- 
cral nerve.  Its  constituent  fibers  converge  to  form  one  flat- 
tened cord,  which  leaves  the  pelvis  through  the  lower  part 
of  the  great  sacro-sciatic  foramen,  below  the  pyriformis 
muscle,  while,  within  the  pelvis,  the  plexus  lies  upon  the 
pyriformis  muscle,  and  is  covered  by  the  pelvic  fascia  and 
the  two  terminal  branches  of  the  anterior  division  of  the 
internal  iliac  artery  (the  sciatic  and  pudic).  The  branches 
which  are  given  off  by  this  plexus  are  arranged,  in  the 
table  wliicli  I  now  show  you,  in  such  a  way  as  to  make 
them  apparent  to  the  eye,  while  the  distribution  of  each 
is  shown  in  the  next  table  in  detail.  The  first  table  is 
not  intended  to  exhibit  alone  the  branches  of  the  sacral 
plexus,  but  rather  to  give  the  general  arrangement  of  the 
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sacral  nerves  in  their  entirety.  You  will  perceive  that 
the  arrangement  of  both  the  anterior  and  i)osterior  divis- 
ions is  considered,  and  that  the  component  parts  of  the 
sacral  plexus,  as  well  as  its  main  subdivisions,  are  clearly  set 
forth. 

NERVES   OF  THE  SACRAL  REGION.' 


f  13- 


SACRAL   . 
NERVES.  ^ 


External 
Posterior    J  branches.  1 

divisions.'^ 


I 


'  LUUBO-SACRAL 

CORD. 

1st  sacral 

nerve. 


Anterior 
divisions. 


2d  sacral 


nerve. 


3d  sacral 

nerve. 

Part  of  4th  sa- 
cral nerve. 


Internal 

bi^anches. " 


Form  anastomotic  loops  on  the  bads  part 
of  the  sacrum  and  on  the  posterior  aspect 
of  the  great  sacro-sciatic  ligmment. 

Terminate  in  cutaneous  bnutchcs  in  the 
gluteal  region. 

Are  distributed  to  the  multifidu5  spias 
muscle, 

The  back  part  of  the  coccyx  is  supplied  bj 
the  two  lower  nerves. 


(1)  Superior  glctkal  snvi, 


.SACRAL    . 
r  PLEXUS.  1 


(2)  Muscular  draschcs, 

(3)  Shall  sciatic  scrvi, 

(4)  Great  sciatic  nerve, 

(5)  PuDic  kerte, 
1^  (6)  Articular. 


Each  of  the  five  branches  of  the  sacral  plexus,  as  well  as 
those  included  in  the  muscular  group,  to  which  no  special 
names  are  given,  will  now  be  separately  described.  I  have 
endeavored  to  embrace  in  this  second  table  all  the  ix)iQts 
pertaining  to  the  purely  anatomical  distribution  of  each 
of  these  nen^es,  but  much  of  interest,  from  a  clinical  as- 
pect, still  remains  in  relation  to  some  of  them,  which  can 
not  be  shown  in  a  tabular  form.  This  table  ^ill,  however, 
prove  of  assistance  to  you  in  revie\iing  the  distribution  of 
the  nene  which  is,  at  any  time,  under  discussion,  ami,  fur- 
thermore, avoid  lengthy  descriptions  of  a  purely  anatomical 
character. 


1  Taken  from  the  "  Essentials  of  Anatomy ''  (Dariing  and  Rannej).     G.  P.  Potaftm** 
Sons,  New  York,  1880. 
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Superior 

GLUTEAL. 


Muscular 
branches. 

Articular 
branches. 


^  o        •     u        I     i  Gluteus  medius  muscle, 
5up«io.- brand..  ^  Gluteus  minimus  muscle. 

!i  Gluteus  medius  muscle, 
Inferior  branch.  I  Gluteus  minimus  muscle, 
(  Tensor  vaginae  femoris. 
Pyriformis, 
Obturator  internus, 
Gemellus  superior, 
Gemellus  inferior, 
Quadratus  femoris. 

•  To  kip  joint. 

'  Inferior   gltUecd  (  Gluteus  maximus  muscle, 


SACRAL  , 
PLEXUS.  ^ 


Small 

SCIATIC 
NERVE. 


branch. 


[nfetnor   pudcn 
.    dal  branch. 


Cutaneous 

branch. 


< 


Great 

SCIATIC 
NEIIVE. 


Descending. 


PuDin 

NERVE. 


Integument  of  the  side  of  the  penis  or  vulva. 

Integument  of  perinseum, 

Integument  of  upper  and  inner  part  of  the 

thigh. 
Integument  of  scrotum  or  labium. 
!   Ascending.       \  integument  over  the  gluteus 
I  o        ]      maximus  muscle, 

C  Integument  of  the  inner  and 
<      outer  sides  of  posterior 
(      aspect  of  the  thigh. 
Articular  (to  the  hip  joint). 

\  Adductor  magnus, 
Semi-raembranosus, 
Scmi-tendinosus, 
Hiceps  flexor  cruris. 
j  External  popliteal  nerve, 
/  Internal  popliteal  nerve. 
C  (Suianeoui    or  I  Integument  of  anal  region, 
superficial   <      scrotum,  penis,  and  labia, 
perineal.      {  Sphincter  ani  muscle. 
Muscular  .     .  -{  Muscles  of  the  perinaeum. 
Inferior  hemorrhoidal. 

Dorsal  nerve  of  j   Integument  of  the  dorsum  of  the  penis, 
jtcnis.  \  Branch  to  corpora  cavernosa  of  the  penis. 


Muscular 


Terminal 


Perineal 


THE  SUPERIOR  GLUTEAL  NERVE. 

This  nerve  arises  from  the  back  part  of  the  lumbo-sacral 
cord,  and,  while  generally  included  as  a  branch  of  the  sacral 
plexus,  can  not  be,  therefore,  properly  regarded  as  a  nerve  of 
sacral  origin.  It  escapes  from  the  pelvis  through  the  upper 
part  of  the  great  sacro-sciatic  foramen,  in  company  with  the 
gluteal  vessels,  lying  above  the  pyriformis  muscle.  It  divides 
into  a  superior  and  an  inferior  branch,  as  is  shown  in  the 
table  *  to  which  I  have  called  your  special  attention,  the  for- 
mer of  which  accompanies  the  superior  gluteal  artery  between 

*  Modified  from  a  table  taken  from  "  The  Essentials  of  Anatomy  "  (Darling  and  Ran- 
ney).      G.  P.  Putnam's  Son?,  New  York,  1881. 
'  See  page  459  of  this  volume. 
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the  gluteus  medius  and  minimus  muscles,  while  the  lailw 
passes  between  the  same  muscles,  but  lower  than  its  fellow. 

The  distribution  of  this  nerve  to  the  gluteus  medias, 
gluteus  minimus,  and  tensor  vagina  femoris  muscles,  staniin 
it  as  the  one  which  presides  chiefly  over  the  act  of  int^nuil 
rofafi'on  of  the  (high,  since  these  three  muscles  are  the  only 
ones  which  can  x)erform  this  limited  movement  of  the  femur. 
Its  cutaneous  distribution  again  coniirms  the  axioms  of  Hil- 
ton ; '  since  the  skin  over  these  muscles  is  thus  supplied,  while 
some  filaments  running  over  the  fascia  lata,  to  which  the 
tensor  vaginie  femoris  is  attached,  can  be  detiionstrutinl. 

CLINICAL  POINTS  PERTAINING   TO  THE  SUPERIOR   GLCTEAI.  JttBft 

The  cutaneous  covering  of  the  gluteus  medius  and  mini- 
mus muscles  is  not  alone  supplied  by  the  gluteal  nerve,  as 
the  lumbar  nerves  may  be  seen  coursing  along  over  the  lower 
part  of  the  abdomen,  then  passing  over  the  crest  of  the  ilium, 
and  finally  reaching  this  part  of  the  thigh.  While  this  miglit 
seem,  at  a  first  glance,  to  be  a  peculiar  admixture  of  lumbar 
and  sacral  nerves,  yet,  on  returning  to  a  point  just  oinde.  wp 
discover  that  the  superior  gluteal  ner\'e  is  of  lumbar  origin, 
although  apparently  a  branch  of  the  sacral  plexus;  benre. 
the  skin,  supplied  by  branches  of  lumbar  origin,  proU^cIs  all 
those  regions  to  which  muscular  brandies  derived  from  the 
same  sources  can  be  traced.  We  see  the  region  of  the  Klnteos 
maximus  muscle  apparently  avoided'  by  the  nerves  which 
descend  from  the  abdomen  to  supply  the  skin  of  the  ailjuio- 
ing  legion,  and,  when  we  seek  for  an  explanation  of  the  tirt. 
we  find  that  this  muscle  is  supplied  by  the  small  sciatic  nerve 
(derived  from  the  sacral  plexu.s,  and  haring  no  connuctioti 
with  the  lumbar  nen-es) ;  hence,  the  integument  coveriiig 
that  muscle  could  not  be  supplied  by  nerves  whose  sourreof 
origin  would  prevent  a  perfect  sympathy  between  the  sldn 
and  the  muscular  structures  which  it  covers. 

The  relation  of  this  nerve  to  I  he  gluteal  artery,  as  Ittift- 
oaiws  from  the  great  sacro-sciatJc  foramen,  gives  it  a  snigical 

■  S«c  pige  DUB  of  this  volume.  '  IlIllMt,  <p  (it. 
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importance,  as  that  vessel  is  sometimes  ligated  for  hsemor- 
rhage  from  some  of  its  branches. 

The  three  muscles  supplied  by  the  superior  gluteal  nerve, 
if  acting  in  connection  A\ith  the  gluteus  maximus  muscle,  be- 
come the  abductors  of  the  hip  joint,  while  the  posterior 
half  of  the  gluteus  medius  and  the  posterior  fifth  of  the 
gluteus  minimus  assist  in  extension  of  the  thigh  upon  the 
trunk,  since  theu'  origin  lies  on  a  plane  posterior  to  their 
insertion  into  the  trochanter.  Thus  we  are  enabled  to  class 
the  superior  gluteal  nerve  as  a  factor  in  three  of  the  move- 
ments of  the  hip  joint,  viz.,  internal  rotation,  abduction,  and 
extension. 

When  the  superior  gluteal  nerve  is  subjected  to  irritation, 
a  spasmodic  condition  of  the  gluteal  muscles  may  be  pro- 
duced. It  is  extremely  rare  to  have  such  a  condition  devel- 
oped in  the  glutei  muscles  alone,  but  one  such  case  is  reported 
by  Remak.  In  this  case  the  spasms  of  the  legs  consisted  of  a 
series  of  gluteal  contractions  which,  when  the  patient  would 
attempt  to  walk,  would  draw  the  leg  backward  and  render  it 
fixed' in  that  position.  We  see,  however,  the  glutei  muscles 
frequently  affected  A\ith  spasm  (in  connection  with  muscles  of 
the  lower  extremity  supplied  by  other  nerves)  in  tetanus, 
rheumatic  inflammation  of  the  hip  joint,  arthralgia,  neural- 
gia, and  lesions  within  the  i)elvis  which  affect  the  sacral 
plexus. 

The  gluteal  muscles  may  be  affected  with  paralysis^  but 
it  is  rare  that  the  paralysis  is  confined  exclusively  to  that 
region.  As  a  rule,  these  muscles  become  affected  as  the  result 
of  lesions  which  involve  the  sacral  plexus  to  a  greater  or  less 
extent,  such  as  sj^inal  diseases,  tumors  in  the  spinal  canal  or 
pelvis,  lesions  of  the  cauda  equina,  fractures  of  the  sacrum, 
fractures  of  the  pelvis,  etc. ,  so  that  the  paralysis  of  the  glutei 
muscles  is  masked  l)y  a  similar  condition  of  muscles  supplied 
by  other  ner\  es.  AVhen  the  glutei  muscles  are  paralyzed,  in 
connection  with  the  tensor  vaginae  femoris,  the  pyriformis, 
and  the  obturator  intemus,  as  is  more  frequently  observed, 
the  rotation  of  the  thigh  inward  l)ecomes  impossible,  and  out- 
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ward  rotation  also  becomes  somewhat  impaii-ed,  as  the  a<Mnr- 
tor  group  and  the  psoas  and  iliacus  have  chiefly  to  perform  it. 
Abduction  of  tlie  thigh  is  rendered  extremelj"  difficult,  and. 
if  the  paralysis  be  complete,  absolutely  impossible,  while  flex- 
ion of  the  thigh  is  impaired  and  limited  in  its  extent.  Wbiai 
snch  patients  attempt  to  walk,  the  ghitei  muscles  no  Ino^ 
preserve  the  relations  of  the  trunk  to  the  thighs,  and  a  diffi- 
culty in  jjreserving  the  balance  is  therefore  present.  This  i» 
especially  noticeable  when  an  attempt  to  ascend  a  Dight  ol 
steps  is  made,  as  the  trunk  has  then  to  be  inclined  forwunl. 
The  affected  muscles  usually  undergo  atrophy  when  thus  de- 
prived of  their  normal  jiower,  and  the  gluteal  region  hweit  iU 
natural  roundness  and  firmness. 

The  distill  da  lUftt  of  sensihlliti/  which  may  coejdat  wilk 
this  type  of  paralysis  will  depend  somewhat  upon  the  seat  of 
the  exciting  cause,  as  well  as  upon  its  character.  Pain  may 
be  a  means  of  making  a  diagnosis  of  the  development  of  the  ex- 
citing lesion  before  the  paralysis  is  develoiM-d.  if  the  precppta 
given  you  in  the  earlier  lectures  of  tlds  course  Ije  applied.' 
rememl)ering  always  that  the  cause  of  the  pain  must  be  sought 
for  along  the  course  of  the  cutaneous  nerves  which  sapplr 
the  region  where  pain  is  felt,  and  that  the  omiasitm  on  vimr 
part  of  one  of  the  nerves  whose  fdaments  are  present  in  the 
region  of  pain  may  entail  a  comjilete  failure  in  discoveriog 
the  cause. 

THE    ML^SCULAK   BRANCHES   OF  THE   6ACBAL    PLESTS. 

By  reference  to  the  table  of  the  distribution  of  the  vari- 
ous branches  of  the  sacral  plexus.'  you  will  perceive  that  five 
muscles  receive  a  direct  supply  from  it  through  branches  which 
are  not  specially  named,  being  included  in  the  muscular  aet— 
these  five  muscles  being  the  pyriformis,  obruralor  inlernus, 
gemellus  superinr,  gemellns  inferior,  and  qnadnitus  femorii 
If  we  consider  the  function  of  these  five  muscles,  it  will  W 
evident  that  they  should  receive  their  nene  supply  from  the 
same  source,  provided  the  axiom  of  Hilfon—thnt  the  nerre 


'  See  pag«  3119  of  tU«  tolume. 
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distribution  of  muscles '  is  a  guide  to  their  function — be  true, 
as  they  all  assist  in  the  external  rotation  of  the  thigh  by 
their  action  upon  the  great  trochanter  of  the  femur.  The 
situation  of  these  five  muscles  is  such  that  a  direct  supply 
from  the  sacral  plexus  might  almost  be  inferred.  The  pyri- 
formis  and  obturator  intemus  muscles  arise  from  within  the 
pelvis  and  escape  from  its  cavity  by  means  of  the  greater 
and  lesser  sacro-sciatic  foramina,  v^hile  the  two  gemelli 
muscles  and  the  quadratus  femoris  are  attached  to  the 
OS  innominatum  in  the  immediate  vicinity  of  these  two 
foramina.  Now,  the  sacral  plexus  lies  upon  the  pyriformis 
muscle,  and  would  naturally  supply  it,  while  the  other  four 
muscles  bear  such  an  intimate  relation  with  the  pyriformis, 
as  it  escapes  from  the  pelvis,  as  to  render  a  supply  from  the 
sacral  plexus  easy,  while  the  similarity  of  function  befr\^'een 
the  five  muscles  would  presuppose  a  nerve  supply  from  the 
same  source. 

In  the  lectures  upon  the  obturator  and  anterior  crural 
nerves,  the  action  of  the  adductor  and  flexor  groups  of  mus- 
cles, in  assisting  the  external  rotation  of  the  thigh,  was  dis- 
cussed, and  we  here  come  upon  another  group  of  muscles 
which  also  tend  to  perform  the  same  movement  of  the  lower 
limb.  The  questions  may  arise  to  your  minds — ^how  are  we 
able  to  explain  a  dissimilarity  in  the  sources  of  motor  power 
in  groups  of  muscles  which  have  a  common  function  to  per- 
form? How  are  we  able  to  reconcile  the  axioms  of  nerve 
supply,  so  often  quoted,  with  this  apparent  contradiction  ? 
The  answer  to  both  of  these  questions  is  settled  by  a  careful 
scrutiny  of  the  combined  actions  of  each  of  these  separate 
groups  of  muscles.  In  the  first  place,  the  five  muscles  of  the 
thigh,  supplied  by  the  sacral  plexus  of  nerves  through  its 
muscular  branches,  can  not  perform  the  movement  of  exter- 
nal rotation  of  the  thigh  when  the  subject  is  in  the  sitting 
posture.  It  is  in  this  relative  position  of  the  thigh  and  trunk 
that  the  adductor  group  of  muscles,  aided  by  the  psoas  and 
iliacus,  become  important  factors  in  the  movement  of  external 

»  Op.  cU. 


rotation ;  and  it  is  to  be  rempmbered  that  tliis  mo^'eni 
but  a  secondary  function  with  these  latter  muscles,  since  th^-y 
are  designed  chiefly  to  insure  adduction  and  flexion  of  ihc 
thigli.  Each  muscle  of  a  group  is  usually  supplied  by  thst 
nerve  whose  branches  are  also  distributed  to  others  of  that 
group  which  aid  in  its  primary  action,  rather  than  io  any 
secondary  movement  in  which  it  may  chance  to  jiarticipote ; 
hence  the  psoas  and  iiiacus  derive  their  power  from  the  ani^- 
ritu'  criual,  the  adductor  muscles  from  the  obtni-ator,  and  ihe 
five  muscles  posterior  to  the  hip  joint  from  the  sacral  plexus, 
and  thus  the  primary  action  of  each  group  is  indicateil  l>y  llw 
nervous  supply,  as  well  as  by  the  points  of  origin  and  inser- 
tion of  each  muscle, 

THE   SUALl   SCIATIC    NERVE. 

This  branch  of  the  sacral  plexus  is  given  off  from  its  lomr 
and  posterior  part,  and  escapes  from  the  pelvis  throiiKh  tlie 
sacro-sciatic  foramen,  Iwlow  the  pyriformls  muscle,  In  com- 
pany with  the  sciatic  vessels.  It  descends  beneath  the  glatetu 
maximns  muscle,  in  wliich  region  it  lies  to  the  inner  side  of 
the  great  sciatic  nerve,  and  continues  beneath  the  feiscin  lata 
as  low  down  as  the  popliteal  space,  where  it  perforati'S  Uus 
fascia  and  joins  with  the  extenial  saphenous  nervt-,  giving  ntf 
also  cutaneous  branches  of  its  own  to  the  poplit«il  space  and 
the  back  of  the  calf. 

Tlie  brandies  of  this  nerve,  which  are  enumerated  in  llie 
table,'  comprise  the  inferidr  gluteal,  the  inferior  pudendal, 
and  tlie  cutaneous  filaments  distributed  over  the  gluteua  max- 
imns muscle,  and  the  regions  j^revioiisly  mentioned.  The  fiwH 
that  this  nerve  supplies  the  glut*'U9  maximns  mnscle  wilh 
motor  power  gives  it  an  importance  to  the  anatomist,  simv 
this  mnscle  is  one  of  the  most  important  factors  in  rt-guhuimt 
the  position  of  the  trunk  and  the  lower  ftxtremity  dnring  all 
the  \-ariou3  attitudes  assumed  by  the  living  siibjc>ct ;  bat 
there  ai-e  also  some  suggestions  of  value  which  hare  been 
thmwn  out  by  previous  authors  njion  anatomy  which  will 

'  Sec  page  4G0  of  tbi*  roliimci 


ill  •eiallc  nrrvr,  aith  iU  br<mehei  of  <ti>lribullii 
(Sappey.) 
r  gluteal  nerve;  3,  Brnnll  sciatic  nerve;  3,  S,  3,  brancfiea  to  the  gluteus 
lua ;  4,  braneh  to  tbc  pirrsniidalie;  5,  inlenwl  pudendal  braneh  nf  the  small 
1  S,  funoro-popliteHl  brancli  of  tlic  same  uerrc ;  7,  7,  trunk  of  the  great  Bui- 
■ll<  ;  d,  bnni'h  nhlcli  It  s^vct  to  Che  long  head  of  (ho  biceps ;  9,  branch  to  the  sliurl 
head  of  the  umc  muwlc ;  10,  10,  braneh  to  the  seml-lcndiitoiuii  (the  latter  muule 
liai  been  divided  and  turned  baek,  to»how  the  scml-membranosus) ;  11,  II,  branch 
t«  thp  aemi-inenibnuioaiia ;  IS,  Ij,  another  brooch,  ridng  from  the  conuoon  trunk 
with  the  preceding  nerve,  and  poseinc  under  the  semi-ineiiibranosus  to  be  distributed 
to  the  adilnctor  niDgnuB;  13,  external  popliteal  nerve;  14,  Internal  popliteal  nerve; 
IS,  filorocnt  to  the  plaaiaris ;  lii,  lU,  nerves  to  ibo  goatrocneiulua;  17,  or^n  o(  the 
external  snpheu-   -  - - 

In  the  first  place,  this  nerre  sends  filaments  to  the  peri- 
niEum  and  genitals'  of  the  male  and  female,  after  supplying 

'  In  the  female,  the  Blotnents  prabablv  go  to  the  vulmt  onil  togina  :  but,  in  the  male, 
Ilie  eidg  of  the  penis  is  thus  mpplied. 


the  gluteus  masimus  muscle  ;  and  the  suggestion  is 
Hilton,  in  reference  to  this  point,  that  the  action  of  llm 
muscle  in  its  relation  to  coitus  may  tend  to  explain  the  neces- 
sity for  a  sympathy  between  these  two  parts  by  means  of  a 
common  nerve  supply. 

Again,  the  recognition  of  the  perineal  branch  of  the  Mnall 
sciatic  nerve  is  sometimes  important  in  practice.  If  you  raw 
to  trace  this  nerve  wpon  the  dead  subject,  you  will  find  that 
it  escapes  fi-om  beneath  the  jierineal  border  of  the  gluleos 
maximus  muscle,  runs  along  the  outer  portion  of  Hit?  peri- 
neum, and,  finally,  sends  cutaneous  filaments  ro  the  sides  t*f 
the  penis.  The  perineaJ  region  is  also  supplied  by  the  peri- 
neal branches  of  the  pudic  nerve,  which  escape,  ]>osIericw]y 
to  those  of  the  sciatic,  from  beneath  the  same  muscle.  Xow. 
either  of  these  two  nerves  may  be  the  cause  of  a  \m\a  refemd 
to  the  perinffium  and  the  i)enis,  and  their  iH>ints  of  esrapi- 
from  beneath  the  glutens  maximus  muscle  are  so  pLired  as  i« 
render  them  frequently  subjected  to  pressore  from  silting 
upon  haRl  or  uneven  seats.  It  is  thus  possible  for  pains, 
referred  to  the  penis,  to  I)e  wrongly  attributed  to  diseases  «if 
the  bladder,  calculus  in  the  bladder,  urethral  troubles,  and 
all  other  types  of  disease  which  are  commonly  indicated  \vf 
more  or  less  pain  in  that  locality,  when  the  cause  may  be 
found  and  con-ectly  diagnosed  by  following  up  the  couneof 
the  perineal  branch  of  the  small  sciatic.  Such  n  rase  fa 
reported  by  Hilton,  where  prominent  suigeoiis  of  Enmpe, 
among  them  Mr.  Key,  had  diligently  and  uu^uccessfully 
searched  for  the  cause  of  a  pain,  referred  to  tlie  iieni!!,  aloo^ 
the  course  of  the  pudic  nei-ve,  and  where  the  jmtieQt  bai 
been  treated  for  disease  of  the  bladder,  a  caivfnl  exanilnatioo 
subsequently  i-evealing  the  true  cause  to  l>e  a  spot  of  hardened 
tissue  pressing  ujwn  the  perineal  branch  of  the  small  srbitic 
nen'e,  which  was  cured  (as  well  as  the  pain  which  it  crratedi 
by  the  application  of  nitric  acid  over  the  seat  of  thici(.e.&iDj[. 
It  is,  therefore,  well  to  rememlwr  the  course  of  this  hisDrh, 
as  well  as  those  of  the  pudic  nerve,  when  investigating  hn  the 
cause  of  pain  in  the  penis  or  perineum. 


THE  PUDIG  NERVE.  467 

THE   PUDIC   NERVE. 

This  branch  of  the  sacral  plexus  arises  from  its  lower  part, 
and  immediately  escapes  from  the  pelvis  by  means  of  the 
great  sacro-sciatic  foramen  in  company  with  the  pudic  artery, 
the  sciatic  vessels  and  nerves,  and  the  gluteal  vessels  and 
nerves.  The  situation  of  the  nerve  in  this  foramen  is  on  the 
inner  side  of  the  great  sciatic  nerve,  both  of  which  escape 
through  the  lower  part  of  the  foramen,  beneath  the  pyri- 
formis  muscle.  The  pudic  nerve  then  reenters  the  pelvis 
through  the  lesser  sacro-sciatic  foramen,  in  company  wuth  its 
artery,  and  immediately  gives  off  its  inferior  hemorrhoidal 
branch.  From  this  point  the  nerve  passes  along  the  outer 
wall  of  the  ischio-rectal  fossa,  lying  above  the  pudic  artery 
(both  artery  and  nerve  being  covered  by  the  obturator  fas- 
cia), and  divides  into  the  perineal  branch  and  the  dorsal  nerve 
of  the  penis. 

Of  these  three  branches  of  the  pudic  nerve,  the  distribu- 
tion has  been  given  in  a  previous  table,  but  with  less  detail 
than  the  subject,  perhaps,  demands. 

The  inferior  hemorrJtoidal  nerve  occasionally  arises  di- 
rectly from  the  sacral  plexus  rather  than  as  a  branch  of  the 
pudic ;  its  course  runs  along  the  ischio-rectal  fossa,  and  it  is 
distributed  to  the  sphincter  muscles  of  the  rectum  and  the 
skin  around  the  region  of  the  anus.  It  communicates  freely 
in  this  region  w^ith  the  supei'ficial  perineal  and  inferior  pu- 
dendal nerves. 

The  perineal  nerve  is  the  largest  branch  of  the  pudic,  and 
accompanies  the  superficial  perineal  artery.  It  divides  into 
two  sets  of  terminal  filaments — the  cutaneous  or  superficial 
perineal  nerves  and  muscular  bi'anches.  The  former  of  these 
give  a  few  twigs  to  the  sphincter  ani  and  levator  ani  muscles, 
but  are  chiefly  distributed  to  the  integument  of  the  perinaeum, 
scrotum,  labium,  and  the  penis,  communicating  freely,  in  the 
region  of  the  anus,  with  the  inferior  hemorrhoidal  nerve. 
The  muscular  branches  usually  arise  from  the  pudic  nerve 
by  a  common  trunk,  which  passes  forward  and  inward  un- 
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derneatU  the  transverse  perinei  muscle ;  its  termioal  fil»- 
ments  are  given  off  to  the  transverse  perinei,  erector  peou, 
accelerator  nrina',  and  compressor  iirethne  muscles,  and  a 
twig  is  often  sent  to  the  bulb  of  the  nrelhra. 

The  dorsal  nerm  of  the  penis  is  the  smaller  terminal  fila- 
ment of  the  pudic  nerve,  which  accompanies  the  pudi<!  artMT 
along  the  rami  of  the  pubea  and  ischium,  between  the  layers 
of  the  deep  perineal  fascia  ;  it  then  pierces  the  stispensoiy  lig- 
ament of  the  penis  and  continues  its  way  along  the  dorsum  i>I 
that  organ  as  far  as  the  glans  penis.  It  gives  a  branrh  !»  the 
corpus  cavemosum,  and  supplies  the  integument  <»f  the  dnr- 
sum'of  the  penis;  in  the  female  the  course  of  the  nerve  is 
about  the  same,  although  the  size  of  the  nerve  is  snuiller, 
since  the  clitoris  is  minute  in  its  size  as  comiared  with  th* 
organ  of  the  male. 

CLINICAL   POISTS   PEKTAINIKO  TO  THE    Pl"DIC   KERV£. 

A  carefiil  study  of  the  distribution  of  the  various  Itranchn 
of  this  nerve  will  show  that  it  is  the  source  oE  motion  to  ibt 
mnscles  of  the  perinjeum  and  urethra,  and  of  sensation  to  the 
integument  of  the  perina^um,  scnitum.  labium,  penis,  and  the 
mucous  covering  of  the  clitoris,  as  well  as  that  lining;  the 
urethi-al  canal.  The  friction  made  upon  the  cutaueoun  aervM 
of  the  external  genital  organs  in  the  acta  of  sexual  intercoiiree 
and  masturbation  ci-eates  a  reflex  act  witliin  the  s])inal  curd, 
which  creates  the  turgidity  of  the  penis  and  clitoris  during  the 
first  portion  of  those  acts  ;  and,  later  on,  a  series  of  muscnlar 
contractions  in  the  perineal  muscles  and  the  involuntary*  mus- 
cular fiber  of  the  urethral  canal  are  produced,  which  ottsixt  in 
the  expulsion  of  semen,  in  the  male,  and  the  secretion  of  the 
glands  of  Baithollne  in  the  female.  Tliat  this  is  the  troe 
explanation  of  emission  is  ^'videnced  by  the  fact  that  omui- 

'  Hillnn  *U\e»  ihat  the  Intf^niFDt  of  the  tlii^f  at  the  prais  <■  rappIM  Iit  t^  pT<— f 
braneli  of  iho  iiifehor  gluteal  nerre.  and  tram  no  otticr  flourw.  Tbli  (UWoaiM  tUm» 
tnaa  moat  of  Ihc  alnndanl  >u[hor«,  but  it  tcetns  to  be  luppartFil  br  cUnlcal  Anmmmn- 
lion.  Tlic  TvadLT  i»  n'fi-rrpil  to  pat^  IGS  of  this  volumr,  wbi-rv  ihc  snbjcct  b  dbcaaci 
Uttm  its  pbfciotoginl  and  clin'ml  ptdnt  ot  *lcw, 
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ism'  is  most  effectually  prevented  by  blistering  the  cutaneous 
covering  of  the  penis  and  the  mucous  covering  of  the  clitoris. 

In  some  cases  of  fracture  of  the  spine,  in  the  dortial  region, 
where  a  part  of  the  spinal  marrow  is  left  intact  below  the  seat 
of  fracture,  you  may  be  able,  by  repeatedly  pinching  the  skin 
of  the  scrotum  and  penis,  to  produce  spasmodic  contractions 
of  the  muscles  of  the  perinseum  and  urethra,  and  often  to 
effect  a  turgidity  of  the  genital  organ  to  such  a  degree  as  to 
make  it  resemble  an  imperfect  erection  or  priapism. 

The  ejaculation  of  the  last  few  drops  of  urine  from  the 
urethra  is  unquestionably  eifected  by  a  reflex  act  through  the 
sensory  and  motor  libers  of  the  pudic  nerve,  in  consequence 
of  the  irritation  produced  in  the  sensory  fibers  of  the  urethral 
mucous  membrane  from  pressure  of  the  urine  or  the  contact 
of  its  saline  ingredients. 

It  is  not  uncommon  for  rectal  disease  to  produce  sympa- 
thetic manifestations  in  the  genito-urinary  organs,  in  the  form 
of  neuralgic  pains,  involuntary  emissions,  incontinence  of 
urine,  etc.;  such  eflfects  can  only  be  explained  by  the  dis- 
tribution of  the  pudic  nerve  to  the  integument  about  the  anus 
(and,  I  believe,  to  the  walls  of  the  rectum  also),  which  allows 
reflex  motor  impulses  to  be  sent  from  the  spinal  cord,  in 
response  to  rectal  imtation,  to  the  genito-urinary  organs  and 
perineal  muscles. 

THE  SCIATIC  NERVE. 

This  nerve  arises  from  the  lumbo-sacral  cord  and  the  four 
upper  sacral  nen^es,  and  is  a  direct  continuation  of  the  sacral 
plexus.  It  escapes  from  the  pelvis  through  the  great  sacro- 
sciatic  foramen  below  the  pyiiformis  muscle,  lying  on  the 
outer  side  of  the  pudic  vessels  and  nerve.  It  then  passes 
downward  between  the  trochanter  major  of  the  femur  and  the 
tuberosity  of  the  ischium,  lying  behind  the  external  rotator 
muscles  of  the  hip  joint  and  the  adductor  magnus,  to  the 
lower  third  of  the  back  of  the  thigh,  where  it  divides  into  its 
two  teiTOinal  l)ranches,  the  external  and  internal  popliteal 
nerves. 

32 
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illustrate  the  branches  given  off  by  the  external  and  internal 
popliteal  nerves.  The  former  ot  these  is  the  smaller  of  the  two, 
and  passes  along  the  outer  side  of  the  popliteal  space  close  to 
the  biceps  muscle,  while  the  other  traverses  the  middle  of 
the  popliteal  space  as  far  as  the  lower  border  of  the  popliteus 
muscle,  where  it  becomes  the  posterior  tibial  nerve. 


FlQ,  Ill.—  Ttualrrnalpopfiltid  nrrre.  (Sappcj.) 
1,  eitcnial  poplitol  nervo  ;  2,  peroneal  or  cutaneous  branch  ;  3,  communicnn!)  pcronel ; 
4,  eilcrnal  saphcnoufl  nerve  ;  B,  trunk  formed  by  the  junction  of  the  external  enphc- 
noua  with  the  communicana  pcronei ;  fl,  culcnncan  branch  rieinR  Trom  the  trunk  ; 
7,  external  termiasl  branch  of  the  tnink  on  ita  wnf  to  form  the  external  dcitBil 
branch  of  distribution  to  the  fifth  toe;  S,  its  inlcmal  terminal  branch  wliich  toniiK 
the  intci-nal  domal  branch  for  the  Kflii  toe  and  tlic  external  dorpal  branch  for  the 
foiirtli  toe;  9,  M,  mii8culu.culani-ou»  nerve;  ]ti,  10,  ila  tprniiaal  branches;  II,  anas- 
tomoKiH  of  ItN  external  terminal  brnncli  with  the  external  saphenous  ;  12,  ana^tomofia 
ot  its  internal  anil  external  terminal  branches  Kith  each  other;  IS,  anterior  tibia] 
nerve;  14.  terminal  portion  of  this  ncnv,  annatomonini;  with  the  muBculo-culaneoua, 
and  dividing  to  fonn  the  deep  branches  of  dialribulion  on  the  dorsum  of  the  fool  to 
Ibu  internal  sido  of  the  great  toe  and  the  external  tide  ot  the  Bccond  Uye. 
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NERVES  OF  THE   LEG   AND   FOOT. 


EXTERNAL 

POPLITEAL 

NERVE. 

(I*KH()NKAL 
NERVE.) 


(1)  Articular  branches. 

(2)  Cutaneous  branches. 


(3)  Anterior    Tidial 
Nerve. 


(4)  muscclo-gctaneous 
Neuve. 


r 


Three  in  number, 

Distributed  to  knee  joint. 

Two  or  three  in  number, 

Supply  integument  of  outer  and  back  part  of 

the  le^. 
Muscular  (to  muscles  in  front  part  of  Ici: 

and  to  the  peroneus  tertius). 
External  \  Extensor  brevbs  digitonim, 
branch.    (  Articulations  of  the  tai¥u.^. 
Internal   \  Inttgument  of  the  adjoining  .^^idi-:^ 
branch.   {     of  the  great  and  2d  toi:*. 
JftiMula    ^  P<?roneue  loncnie, 
*  (  Peroneus  brevis. 

{Integument  of  outer  f>idc  of  lix.t 
and  ankle, 
Integument  of  the  adjoinin;:  r'ak^ 
of  3d,  4th,  and  6th  to<«. 
Integument  of  the  inner  side  of 
the  foot  and  ankle, 
-{  Intfgument  of  the  adjoiain?  »i<lf« 
of  2d  and  3d  toes  and  iniK-r 
side  of  great  toe. 


Internal 
branch. 


INTERNAL 

POPLITEAL 

NERVE. 


(1)  Articular 


(2)  Muscular 


i 


I 


(S) 


External  Paphe- 
Nois  Nkrve. 


(4) 


Posterior  Tirial 
Nerve. 


< 


Three  in  number. 

Distributed  to  knee  joint. 

Gastrocnemius, 

Plantaris, 

Soleus, 

Popliteus. 

Formed  by  two  filaments,  one  from  each  vl 

the  popliteal  nerves, 
Integument  of  the  outer  side  of  foot   and  iIk- 

little  tee. 

(  Flexor  longus  poUicist, 
Muscular,  i  Flexor  lonprus  digitonun, 

/  Tibialis  posticus. 
Plantar       j  Integument  of  heel  and  inner  nirt 
cutaneous.  (      of  sole  of  foot. 

Didtal  \  tol^'""^  "^  «>» 

branchw..)      3»  «"-■•  •«  »«' 
(      Mde  of  ffod. 

Hexor  brt-^M  <Jip- 

torum, 
.  Abductor  pollkn.^ 
Muscular  .   .  \  Fleior  brevij  \mA- 

Hcis 
Two  inner  lumbri- 
calo«  mitfclc». 
Articular  (to  tarsus); 
^  CutaneouM  (to  sole  of  footk 

(  Flexor  aciYSMid>'^ 
.  -  Abductor     Bunimi 
(      digitL 
f  1  \  outer  tc»c«, 
I  Flexor  brfvi*  mir.'f 
«^      mi  JisitL 

14th      tnter(»dk<o«ir 
mnwle. 
3d   and   4ili    lob* 
brii*ales. 
Deep  ^  Re5t  *4,  m\9tw*:\, 

braDdk  I  Addoctor  pollk-K 
^TnacTcffoa  p«di» 


Internal 

PLANTAR. 


1 


External 
plantjjl 


Muscular 


Smperiieiitl 
brandi. 


THE  NERVES  OF  THE  LEG. 


If  you  will  Study  these  tables,  you  will  j^roeive  that  the 
extenial  popliteal  nerve  distributes  articular  branches  to  the 


Fio.  179.— 77ii!  interna}  poplileal  nn-w.  (Sappcy.) 
1,  trunk  ot  the  fireat  ndslic  ;  2,  external  poplilCHl ;  fl,  intemal  popliteal ;  4,  4,  branelies 
to  the  gasti'ocnemiuii — both  ncn'CB  and  idiuuIc  liave  b«en  divided;  r>,  ori^^n'nr  ihc 
external  saphenous ;  6,  branch  to  the  bhIcus,  divEilod  tojiether  wilh  the  iniucic ;  7, 
intemnl  pupUtca)  nerve  passinf;  through  a  fiJaroiiB  rinn  in  the  Boleua ;  S,  8,  branch 
Bprinj^n^  from  thu  lowvv  portion  of  this  nerre,  and  likewise  pausing  throii'rh  the 
flbroiia  ring  of  the  solcus.  At  this  level  it  );ivcB  nIT  a  tcfleeted  or  ascending  division, 
which  penelraCea  (he  pijilitciis  at  its  deep  iiirfaec,  but  is  not  seen  in  the  cut,  and  a 
more  tlcniier  descending  dirigjon  whith  makes  its  way  through  the  interosseus  mem- 
brane  and  supplies  llic  tibialifi  aiiticus  roiisrie;  9,  9,' pnaterior  tibial  nerre;  10,  in, 
braiicl)CB  which  it  tiimifhea  lo  the  Hector  l(ni<niH  disilonim ;  11,  11,  branchea  which 
it  givei<  off  to  Ihc  tibialis  portictw  musvlc ;  12,  12,  hranches  t'l  the  flexor  lnn!>iis  pnl- 
licis ;   13,  ealeanean  branched;   14,  terminal  eilrenilty  of  the  external  saphenous 


knee  joint,  and  cutaneous  filiiments  to  the  outer  and  back 
part  of  the  leg.     The  two  main  nerve  trunks  whicli  arise  from 
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it  are  called  the  anterior  tibial  ami  the  muscnlo-cutanecMu; 
both  of  which  are  given  off  from  the  main  trunk  after  U 
pierces  the  peroneus  longus  muscle  about  one  inch  below  ilur 
head  of  the  fibula,  although  three  articular  and  several  cuta- 
neous filaments  also  arise  from  it.  You  will  also  iieirwvt 
that  four  main  branches  are  given  off  from  the  internal  pop- 
liteal nerve,  viz.,  articular  and  mnsrular  branches,  and  the  «■ 
ternal  sajihenous  and  posteilor  tibial  nerves.  The  muscular 
filaments  siijiply  four  muscles  in  the  immeiliate  vicinity  «f 
the  knee,  while  the  articular  ttlaments,  as  in  the  prewdiii/; 
nerve,  are  distributed  to  the  knee  joint.  Other  jHuntii  "f 
interest  might  be  specially  designated  as  comprised  in  Ihese 
I)3ges,  but  they  will  be  considered  in  their  practical  relaucNK 
when  the  clinical  points  which  are  presented  by  the  nerveB  uf 
the  lower  extremity  are  considered. 

I  desire  to  call  your  attention,  first,  to  the  fascia  of  the 
Wg,  into  which  three  mutiicles  of  the  thigh  ai-e  in^rled, 
viz.,  the  sartorius,  the  gracilis,  and  the  semi-teudinoj^ua.  i 
have  already  called  your  attention  to  the  fact  llmt  the  fas- 
cia? of  the  body  are  always  to  be  regarded  as  one  of  the 
points  of  insertion  of  the  muscles  which  are  attached  !« 
them;  now,  if  this  be  true,  and  it  undoubtedly  is  so,  ve 
ought  to  discover  a  particular  distribution  of  the  cntantMna 
nerves  at  this  point,  since  the  nerves  which  sHpi>ly  (he  mns- 
cles  supply  also  the  skin  over  the  insertion  of  the  same  niHs- 
cles.  We  shall  find,  on  dissection  of  this  region,  that  llw 
long  saphenous,  the  obtura.tor,  and  a  branch  of  the  sriaHc 
nerves  are  distributed  in  the  skin  of  tliH  calf;  the  one  d^ 
rived  from  the  anterior  crural  (which  supplies  the  sartoriiu^ 
another  a  filament  of  the  obturator  (which  .'Uipplies  the  gra- 
cilis), and  the  thii-d  derived  from  the  sciatic  [sintv  it  snpplim 
the  serai-tendinosHS  muscle).  These  three  nen'ea,  thewhoe, 
supply  both  the  fascia  of  the  leg  and  the  skio  on  the  iiuiKr 
side  of  the  leg  below  the  knee  joint ;  hence,  pain  in  this  re- 
gion must  be  sought  for  along  the  course  of  one  of  tht'5e  thir* 
nt-nes.  It  is  too  common  among  phyaicuins  to  regard  a  pain 
which  is  ioL'idized  at  the  inuer  side  of  the  knee  as  dexwndenl 
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upon  the  obturator  nen-e,  to  the  exclusion  of  the  sciatic  or 
the  anterior  crural ;  but  anatomy  clearly  teaches  us  that 


Fio.  173. — The  txtemal  mphenota  ntrri  and  ill  nrttttorji,  the  mmrminica»t  ptronei. 
(Sappey.) 
I,  tntcmnl  pojilitcil  ncrre ;  2,  nrrrc  to  the  cit«rna1  head  of  the  gistracncmiug :  3,  ncrre  lo 
the  internal  head;  4,  citemal  Ratihcnous  nene ;  6,  external  popliteal  nerve;  6, 
communicant  peronei ;  7,  per;>iiesl  or  cutaneous  branch  ;  8,  branch  BomctimcB  giren 
off  b.v  the  external  aaphenoua  to  the  fourth  and  fifth  toe  ;  9,  trunk  formed  bj  the 
junctinn  of  the  rommimicanii  pcronci  with  thit  eitcmal  Baphennus ;  II),  calcancan 
branch  g;iren  off  by  this  trunk  ;  11,  plantar  cuiancoua  branch  of  the  potterior  tibial; 
12,  internal  saphenous  nerve  ;  la,  13,  13,  poitcrior  branches  of  this  nerve. 

there  are  three  possible  lines  of  direction,  which  we  are 
bound  to  exi)Iure  in  searching  for  the  situation  of  the  real 
cause  which  is  pniducing  it.  AVe  should  always  carefully 
examine  all  the  anatomical  relations  of  the  obturator,  the 
sciatic,  and  the  anterior  rrural  ner\-es,  in  onler  to  ascertain,  if 
possible,  the  real  cause  of  pain  which  is  expressed  on  the  in- 
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ner  side  of  the  knee  joint,  and  the  axiom  <>t  nerve  » 
tion,  which  was  iirst  pointed  out  by  Hilton,  and  tn  whirh  I 
have  frequently  directed  your  attention,  offers  «s,  in  Ihis 
instance,  as  in  many  others,  a  simple  nde  which  BhooW 
guide  us  in  searching  for  the  cause  of  pain  before  we  aitviufit 
measures  for  its  relief. 


FlQ.  1 


-Tht 


let,  and  itiali-ibutiOH. 


7) 


],  intunial  planlnr  ncrvp  ;  -,  '1,  branchtiB  nhiuh  it  ^rci  (o  llii-  nbdiii'lvi'  pullirbt ;  1 
which  it  giica  U>  the  aeccsaoriuR;  -I,  bniwh  to  tbcBexor  brwU  dii^ltonuB:  & 
of  diatiibutlUD  lo  the  inlemsl  planCDi'  BurToco  at  Ihe  great  toe :  6,  aiuiihrT  bnocs  m 
tiin  intvmal  plnntar  illfiding  into  ihnx  secondary  portlotui,  whidl  mhillvUB,  la  ll«ir  J 
Iiim,  to  rorrn  tUv  bnnches  of  distrihiitlon  on  tho  pluilar  surtac*  to  tkr  mMr^ttfM-§ 
t\\e  print  toe,  hotb  sidCB  of  tho  second  and  thiid  toes,  *tul  Uic  iao&r  tk 
fourth  toe;  T.  eitamal  plantar  ncrTo;  8,  8,  branchn  whicdi  it  «ml(  • 
uliduclor  iniDiml  digiti  i  9,  bmncli  to  llic  iicvc«MriUR ;  lu,  hntwU  ot  AallT 
thi-  plaiilor  surfac«  lo  llie  outer  aide  of  thi'  littlr  toe;  1 1,  anothfr  hntidi  d 
■u.-1'vi!  dividing  lo  supply  Ihc  inner  siilc  nf  tUelilllu  (o«ind  Iho  niiteisiil«afli. 
roe;  rj,ano>>laimiEi9  of  ihrintunkal  witli  the  ixlamal  plantar;  tS,<>rioln  4)1 
branch  of  llje  citemnl  plaDlar. 

I  have  found,  in  several  instances,  that  Jocal  ann-fitbetks, 
when  applied  tfi  the  skin  over  the  seat  tif  pain,  freqoenlljr 
have  the  power  (»f  relieving  a  sense  of  distress  in  «ttber  tt- 
gions  apparently  far  removed  from  it.  but  still  fonnected 
with  the  seat  of  pain  by  iiiwins  of  a  nervmis  conimtmiciiliiia. 
Thus,  in  disease  of  the  hip  joint,  an  anodyne  aiipUed  lu  (he 
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region  of  the  knee  joint  will  often  relieve  Bymptoms  which 
are  referable  to  the  hip,  and  we  can  only  attribute  this  effect 
to  a  benumbing  influence  exerted  by  means  of  the  sciatic  and 
obturator  nerves  upon  that  joint,  since  both  of  these  nerves 
send  articular  filaments  to  it,  as  well  as  cutaneous  filaments 
to  the  region  of  the  knee. 

In  some  instances,  where  abnormalities  of  origin  of  nerve 
filaments  can  be  detected,  I  believe  that,  if  you  will  trace  the 
nerve  upward  for  some  distance  toward  the  spinal  marrow, 
you  will  find  that  the  cutaneous  filaments  of  the  nerve,  which 
apparently  has  an  abnormal  origin,  are  in  intimate  communi 


FlO.  17S.— T'-.c  dr(p  bronch  o/lhe  nl^niat planlai-  mrve.     (SspIJCy.) 


t,  Intemnl  plantar  nerve ;  a,  itn  inti'rn«l  branch  ;  3,  ils  ritcmal  brnndi,  whose  two  divliu 
ioni  haw  isoen  cut,  toj;;i;thcr  with  tlic  adductor  polliuia,  to  ^hoir  the  de<-|i  hmnch  of 
Ihe  external  pUtntur;  4,  tiiink  of  the  exicmni  plant.ir;  5,  iia  supiTtlcinl  bmiu-h, 
which  divideji  aliimM  immoilinlch*  into  two  wiimdnrv  brunches,  dii-lrihiitpd  to  the 
fourth  and  Htlh  lae*  ;  6,  im  dLvgibninch,  di^trihiitod  to  the  adiluctor  pollicis,  ti'.-ins- 
vcrsuil  pvlis,  ;ind  the  intrrwsci ;  T,  branehc^  to  the  ndduetor  polUci:!;  H,  (!,  Iimuchcs 
to  the  iutero:<«ei ;  'J,  brunchoH  Ui  the  IrantTCi-itus  ^Liii*, 

cation  with  the  ner\'e  trank  whose  functions  are  assisted  by 

them,  and  fmm  which  its  most  frequent  in-igin  ran  be  verified. 

If  we  examine  the  anatomy  of  the  hip  joint,  we  shall  find 
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that  a  branch  of  the  anterior  crural  nen^e  passes  in  close  rela- 
tion with  its  capsule,  if  it  is  not  intimately  associated  with 
it ;  that  a  branch  of  the  obturator  nerv^e  supplies  its  cai)sular 
ligament,  and  is  ultimately  distributed  to  the  ligamentum 
teres ;  and,  finally,  that  a  branch  from  the  sacral  plexus  sup- 
plies  the  hip  joint  at  its  posterior  aspect,  after  sending  fila- 
ments to  the  gemelli,  the  quadratus  femoris,  and  the  obtu- 
rator internus  muscles.  The  study  of  the  anatomy  of  joints 
is  of  particular  importance  to  the  diagnostician,  since  it  h^ 
quently  explains  how  remote  sympathetic  pains  may  Iw 
dependent  upon  irritation  of  articular  branches  of  a  nerve, 
whose  tenninal  cutaneous  filaments  are  distributed  to  other 
regions,  often  far  removed  from  the  joint  which  it  supplies. 
We  know  that  disease  of  the  hip  joint,  which  is,  perhaps, 
one  of  the  most  frequent  which  we  meet  with  in  practice,  is 
often  manifested,  in  its  early  stages,  by  a  jxain  which  is  re- 
ferred to  the  knee ;  and  we  can  understand,  from  what  has 
previously  been  said,  that  this  sensation  of  pain  must  be 
transmitted  through  one  of  three  sources,  viz.,  the  obturator, 
anterior  crural,  or  the  sciatic  nerves. 

CLINICAL   POINTS    PERTAINING   TO   THE   NERVES    DERIVED   FROX  THE 
SCIATIC,    OR  TO  THE   SCIATIC   NERVE  ITSELF. 

The  morbid  conditions  of  the  sciatic  nerve  or  its  branches 
which  are  most  frequently  met  with  comprise  :  1,  neuralgia^ 
which  mav  be  articular  or  confined  to  the  direct  course  of  the 
sciatic  nerve  ;  2,  spasmodic  affections  of  the  muscles  supplied 
by  the  sciatic  nerve  or  its  branches  ;  and  3,  paralysis  of  the 
different  muscles  supplied  by  the  various  nerve  trunks. 


SCIATICA. 

This  type  of  neuralgia— to  which  the  name  "  malum  Co- 
tunnii"  is  sometimes  applied — may  affect  the  greater  jwrtion 
of  the  back  pari  of  the  thigh,  a  pari  of  the  gluteal  region,  the 
knee  joint  and  patella,  the  anterior,  lateral,  and  jxjsterior 
surfaces  of  the  leg,  and  the  whole  of  the  foot,  with  the  excep- 
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tion  of  its  internal  border,  which  derives  its  nerve  supply 
from  the  saphenous  branch  of  the  anterior  crural  nerve.  It 
is  seldom  that  all  of  these  regions  are  affected  at  the  same 
time,  since  the  nerve  may  be  subjected  to  a  source  of  irrita- 
tion which  affects  only  individual  branches.  The  most  fre- 
quent seat  of  pain  is  confined,  as  a  rule,  to  the  posterior  sur- 
face of  the  thigh  and  the  upper  half  of  the  calf  of  the  leg ; 
but  the  external  surface  of  the  lower  half  of  the  leg  and  the 
corresponding  part  of  the  foot,  as  well  as  the  sole,  are  often 
the  seat  of  a  neuralgic  pain  which  is  of  a  severe  type.  The 
disease  is  usually  unilateral  in  character,  and,  if  bilateral,  a 
central  cause  may  be  suspected. 

Among  the  causes  of  this  type  of  neuralgia  may  be  men- 
tioned exposure  to  cold  and  dampness,  malarial  affections, 
inflammations  of  the  nerve,  injuries,  pressure  of  tumors  or 
inflammatory  exudations,  violent  exertion,  disturbances  of 
the  venous  circulation  of  the  pelvis,  and  mechanical  pressure 
from  sitting  upon  hard  or  uncomfortable  seats,  uterine  dis- 
placement, pelvic  tumors,  aneurism,  and  hernia. 

The  beginning  of  this  disease  is  usually  associated  with 
premonitory  symptoms,  among  which  may  be  mentioned  a 
sensation  of  stiffness,  cold,  or  heat  in  the  affected  regions, 
with  occasional  feelings  of  formication,  or  a  fluid  trickling 
over  the  skin.  Soon  painful  electric  pains  are  experienced, 
which  show  a  marked  paroxysmal  character.  These  attacks 
occasionally  occur  without  warning  or  premonitory  symp- 
toms. The  pain  is  remarkably  violent,  and  of  a  tearing  and 
lancinating  character,  and  usually  follows  the  direction  of 
the  nerve  trunk  which  is  affected.  It  often  changes  its  seat 
of  greatest  intensity,  and  the  lines  which  connect  the  spots  of 
greatest  pain  will  generally  conform  to  the  anatomical  course 
of  the  affected  nerve.  The  pain  is  usually  markedly  increased 
by  motion  of  the  muscles,  and  the  paroxysms  seem  to  be  ex- 
cited by  the  most  trivial  causes,  such  as  a  draft  of  cold  air, 
coughing,  sneezing,  sudden  bending  of  the  body,  the  contact 
of  the  clothes  with  the  skin,  or  straining  during  the  acts  of 
defecation  or  micturition.     If  the  whole  area  of  the  distribu- 
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tion  of  the  sciatic  nen-e  be  involved,  the  pain  occurs  wirb 
special  violence  first  in  one  and  then  in  another  branch,  while 
the  posterior  branches  of  the  sacral  nerves  may  be  also  impli- 
cated, and  the  patient  complain  of  violent  pain  in  the  sacnim 
and  the  loins. 


Fio.  l"fl. —  The  motor  points  on  llie  poiterior  atfcd  of  Ike  Ihiith. 
branv-h  of  llic  inferior  gluteal  nerrc  to  the  gluteus  niailmus  miudc ;  3.  ^■lic  Mni': 
3,  lonK  head  of  bice]iH  muiiclc ;  4,  nhort  head  of  bleeps  muscle ;  A,  atlJuctor  myTi-T 
niusi-lf  ;  6,  BPini-tcnilinoniiii  mueclo:  7,  Bcini-membninous  muscle;  8,  tibial  HiTt*; 
9,  |>eronc*l  nTve ;  10,  cilemal  hoail  of  gastroenentiuA  touseh:;  II,  Kilew  nraKfe; 
l:i,  inlct^ial  IieoJ  of  giiatrocnemius  iiiuselu. 


Aa  has  been  mentioned  in  other  forms  of  nenralpia,  certain 
painful  points  may  usually  be  detected,  which  are  diagnostic 
of  neuralfria  from  those  severe  pains  which  accomiiany  the 
early  stajres  of  loo<imotor  ataxia.  The  most  constant  point  of 
sensitiveness  to  pressure  is  stated  by  Valleix  to  correspond  to 
the  ])osterior  superior  sjiine  of  the  ilium  ;  another  usually  ex- 
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ists  where  the  nerve  escapes  from  the  cavity  of  the  pelvis ;  a 
third  is  often  found  at  the  lower  border  of  the  gluteus  maxi- 
mus  muscle,  where  the  posterior  cutaneous  branch  emerges ; 
the  fourth  corresponds  to  the  head  of  the  fibula,  where  the 
tibial  nerve  is  given  off ;  a  fifth  jjoint  is  often  discovered  be- 
hind the  internal  malleolus ;  and,  finally,  there  are  frequent 
inconstant  points  in  the  thigh,  on  the  calf  of  the  leg,  and  on 
the  dorsum  of  the  foot,  all  of  which  correspond  to  localities 
where  cutaneous  branches  either  divide  or  perforate  some 
fascia. 

In  connection  with  this  neuralgic  pain,  certain  motor 
symptoms  are  frequently  developed.  These  comprise  a  pe- 
culiar limping  gait,  a  mode  of  carrying  the  leg  which  is  quite 
diagnostic,  cramp  of  various  degrees,  and  possibly  convul- 
sions, which  are  sometimes  very  violent.  These  symptoms 
are  the  result  of  direct  and  reflex  irritation,  and  may  be  the 
forerunners  of  a  condition  of  paresis  or  of  actual  paralysis. 

Among  the  vaso-motor  distiubances  which  accompany  this 
disease  may  be  mentioned  paleness  and  coldness  of  the  skin, 
in  some  instances  accompanied  by  numbness  and  chilly  sen- 
sations, and  in  other  cases  redness  and  heat  of  the  skin,  with 
increased  perspiration,  increased  growth  of  the  hair,  herpes 
zoster  along  the  course  of  the  affected  nerve,  a  saccharine  con- 
dition of  the  urine,  and  hypertrophy  and  atrophy  of  the 
muscles. 

Sciatica  is  to  be  diagnosed  from  disease  of  the  hip  joint ; 
from  locomotor  ataxia  in  its  early  stages;  from  muscular 
rheumatism ;  and  the  pains  of  spinal  disease,  affecting  the 
lateral  columns,  when  the  patient  is  subjected  to  extreme  ex- 
ertion. 

SPASM   OF  THE   LOWER   LIMBS. 

The  muscles  of  the  hip — especially  the  psoas,  iliacus, 
quadratus  lumborum,  and  adjacent  muscles  of  the  anterior 
surface  of  the  thigh — may  be  the  seat  of  tonic  spasm,  which 
has  been  named  by  Stromeyer  "spasmodic  contracture  of  the 
hip."'  It  may  follow  an  inflammation  or  neuralgia  of  the  hip 
joint,  psoas  abscess,  or  diseases  of  the  lumbar  vertebrae.    In 
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this  condition,  the  thigh  is  strongly  flexed,  the  pelvis  tilted 
upward,  and  the  limb  shortened  ;  while  passive  extension 
creates  a  deviation  of  the  body  toward  the  affected  side,  and 
is  extremely  painful. 

In  rare  instances,  tonic  and  clonic  types  of  spasm  are  ob- 
served in  the  extensor  and  adductor  muscles  of  the  thigh,  as 
the  result  of  neuralgia  of  the  knee  joint  and  certain  sjias- 
modic  diseases  of  a  central  origin. 

The  flexor  muscles  of  the  leg  may  be  affected  with  spasms 
in  spinal  affections,  hysteria,  diseases  of  the  knee  joint,  and 
in  inflammation  of  its  adjacent  muscles. 


Fio.  177.- 


n  Ihe  atdcrtor  atpcti  of  tht  tKgk. 

B  Qiupcit! ;  4,  adductor  longiu  niiiKle: 


I,  Cniral  ncrvp  ;  2,  ohtiirator  nent  ,      , 

braiitli  of  llio  anti'iior  crural  nerve  for  the  qiiadricepB  qitensor  muscli- ;  6.  the  i, 
rU'  :>.<  muM.'lc ;  7.  branch  uf  Anterior  crural  nerve  to  tbe  vutol  lalemiu  moM-l*:  S. 
leii-or  vapniB  [enioris  mugclc  (supplied  bj  the  superior  (gluteal  ncrrc);  9,  eilrrtial 
cutnncoua  brtncii  of  uDiGrior crural Dcrvc  J  10,  rectui  feoiorit  maacle;  11,l?,Twn* 
extemus  muscle. 

In  rare  cases,  the  anterior  muscles  of  the  leg,  which  an" 
supplied  by  the  X)eroneal  nerve,  are  affected  with  spasms  *& 
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the  result  of  exposure  to  cold  or  dampness,  over-exertion  of 
the  lower  limbs,  or  paralysis  of  the  antagonistic  muscles; 
while  the  muscles  supplied  by  the  posterior  tibial  nerve,  as 
well  as  those  of  the  sole  of  the  foot,  are  more  frequently 
affected  as  the  result  of  spinal  affections,  joint  diseases,  over- 
exertion, paralysis  of  other  muscles,  and  by  the  reflex  action 
of  cholera. 

PARALYSIS  OF   MUSCLES  SUPPLIED   BY  THE  SCIATIC   NERVE  OR  ITS 

BRANCHES. 

When  we  consider  how  extensively  this  nerve  is  distrib- 
uted, and  its  exposed  situation  in  various  portions  of  its 
course,  as  well  as  its  intimate  relations  to  the  organs  of  the 
pelvis,  we  can  better  appreciate  the  reasons  for  the  frequency, 
on  the  one  hand,  and  the  importance,  on  the  other,  of  the 
paiTilysis  which  may  affect  it  or  its  branches.  Among  the 
causes  of  this  form  of  paralysis  may  be  enumeiuted  all  those 
conditions  of  the  trunk  which  are  capable  of  producing  press- 
ure upon  the  origin  of  the  nerve ;  all  forms  of  accidents  which 
may  result  in  laceration  or  section  of  the  main  trunk  or  any  of 
its  branches  ;  the  development  of  tumors  in  the  course  of  the 
nerve  ;  dislocations  of  bone ;  the  compression  of  cicatrices  ; 
rheumatic  conditions,  from  chilling  or  wetting  of  the  lower 
extremities ;  surgical  operations ;  and  spinal  diseases  which 
impair  its  point  of  origin  at  the  lumbar  enlargement  of  the 
cord. 

If  the  peroneal  nerve  be  alone  affected,  the  foot  can  not  be 
flexed  or  abducted ;  neither  can  it  be  completely  adducted. 
The  dependent  position  of  the  foot,  which  hangs  downward, 
interferes  seriously  with  the  act  of  walking,  since  the  toe 
trips  upon  every  slight  elevation. 

In  order  to  walk,  the  patient  is  compelled  to  lift  the  foot 
by  flexion  at  the  hip  joint,  and  places  it  insecurely  upon  the 
ground  with  the  outer  border  of  the  toes  first,  thus  producing 
a  gait  which  is  pathognomonic  of  this  special  type  of  paraly- 
sis. The  arch  of  the  foot  becomes  flattened  from  a  loss  of 
power  in  the  j^eroneus  longus  muscle  ;  the  great  toe  can  not 
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be  extended,  since  the  extensor  longus  pollicis  is  paralyzed ; 
flexion  of  the  foot  is  impaired,  since  the  extensor  connDiiniii 
digltorum  no  longer  acts ;  and  the  abduction  of  the  foot  is 
rendered  impossible,  if  the  peroneus  brevis  l»e  paralj-zed. 
although  the  extensor  communis  digitoriim  may  assist  in  this 
act  coincidentally  with  dorsal  flexion  of  the  foot- 


If  the  tibial  nerve  lie  paralyzed,  a  loss  of  power  in  Ih-- 
muscles  of  the  calf  is  indicated  by  an  inability  on  the  iwrt  of 
the  ]Mitient  to  extend  the  foot  and  to  produce  flexion  and  a 
lateral  niovemtmt  of  the  toes.  Thus  the  patient  is  no  lonjrer 
able  to  stand  uiK)n  the  toes,  while,  in  consequence  of  a  sec- 
ondary contracture  of  the  muscles  situated  upon  the  ontprior 
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surface  of  the  leg,  the  foot  ia  made  to  assume  a  position  which 
has  been  compared  to  the  shape  of  a  hook.  The  tibialis  pos- 
ticus muscle  no  longer  assists  in  adducting  the  foot  and  rais- 
ing its  inner  border ;  the  flexor  communis  digitorum  can  no 
longer  flex  the  two  distal  phalanges  of  the  toe,  while  paraly- 


^riiSss 


FlO.  IJO.—  Tlu  J  I'-lii- 1  nnln  ori  l/ie  outer  fUptd  o/flir  leg. 
I,  peroneal  nerve ;  2,  cxiernal  hp  il  of  gastrocnemius  iniisdo ;  3,  iiolcus  miiiicle ;  4,  px- 
tensor  comiuuiiiA  digitorum  iiiiitu.'te ;  n,  poroncus  brcTis  niuM'lc ;  6,  oleiiH  muscle ;  T, 
flexor  lonf;uii  pollitiH  ;  K,  peroncus  luniiuB  muscle  ;  9,  tibinlU  aiitictis  tiiuscIo  ;  10,  c<- 
tcDBor  lonf^ii  pollkiii  muscle;  11,  extensor  bivris  dliritorum  mupetc ;  12,  nlxluctor 
mtnlm]  dtsili  mitsvlo ;  I^  dcrp  branch  of  tho  pcmneni  nerre  (o  Ibe  eitcnsor  bruvia 
d^itunlm  miisrle  :  1 1,  14,  14,  <Ior»al  ii ' 


sis  of  the  flexor  longus  pollic-is  deprives  the  patient  of  the 
power  of  flexing  the  greJit  toe,     A  lateral  motion  of  the  great 
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toe  is  no  longer  possible,  since  the  power  of  the  adductor  and 
abductor  poUicis  muscles  is  abolished,  while  paralysis  of  the 
interossei  muscles  (as  mentioned  also  in  connection  with  the 
hand)  renders  it  impossible  for  the  patient  to  flex  the  first 
phalanx,  or  extend  the  two  distal  phalanges  of  the  toes,  or 
separate  the  toes  from  each  other.  The  peculiar  position  of 
the  foot  which  results  from  this  paralysis  resembles  that  de- 
scribed in  connection  with  the  upper  extremity  as  the  *'elaw 
hand,"  since  the  first  phalanx  is  abnormally  extended,  the 
second  and  third  are  strongly  flexed,  the  toes  are  tightly 
compressed  together,  and  their  bulbous  ends  no  longer  touch 
the  ground.  The  weight  of  the  body  in  a  standing  position 
is  borne  upon  the  heads  of  the  metatarsal  bones.  Hence, 
some  pain  and  inconvenience  are  experienced  after  long 
standing  or  walking. 

Paralyses  of  the  sciatic  nerve  are  accompanied,  as  a  rule, 
by  disturbances  of  the  sensibility  of  the  affected  parts.  An- 
sesthesia  commonly  exists  over  the  regions  supplied  by  the 
motor  nerves  to  the  muscles  which  are  i)aralyzed  ;  hence,  this 
symptom  may  serve  as  a  guide,  in  some  cases,  to  the  seat  of 
the  lesion  which  has  created  the  paralysis.  In  addition  to 
these  disturbances  of  sensibility,  you  may  often  notice  changes 
in  the  circulatory  apparatus  in  the  form  of  coldness  of  the 
skin,  cyanosis,  stasis  in  the  veins,  and  a  mottling  of  the  part 
with  bluish-red  streaks. 

The  trophic  disturbances  which  are  commonly  met  with 
in  severe  forms  of  paralyses  of  the  peripheral  branches  of  the 
sciatic  nerve  comprise  serious  bed-sores  on  the  heels,  ankles, 
and  over  the  sacrum ;  ulceration  of  the  skin ;  eruptions  t»f 
herpes  and  pemphigus ;  and,  finally,  marked  atrophy  of  the 
muscles.  When  the  sciatic  nerve  is  affected  by  a  spinal  le- 
sion above  the  cauda  equina,  the  rectum  and  bladder  are  fre- 
quently completely  paralyzed. 
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.^thcsodic  sjsteiDf  318. 

systematic  lesions  of,  315. 

Ageusia,  its  tests  and  clinical  significance, 
236. 

Amaurosis.  123,  126,  144. 

Amblyopia,  49,  60,  127. 

Amyotrophic  lateral  sclerosis,  829. 

Anaesthesia,  its  significance  when  combined 
with  hemiplegia,  78. 

Anaesthesia  of  locomotor  ataxia,  320. 

Aneurismal  cough,  254. 

Angular  gyrus,  guide  to,  72. 

its  function,  60,  52. 

Anosmia,  its  causes,  and  clinical  significance, 
102. 

Aphasia,  its  relations  to  embolism,  89. 

surgical  relief  of,  73,  74. 

traumatic,  78. 

varieties  of,  and  causes,  32. 

Aqueduct  of  Fallopius,  177,  182. 

. lesions  within,  1 96. 

Aqueduct  of  Sylvius,  its  special  center,  68. 

Arm,  motor  points  of  (cuts),  415,  416. 

Arnold's  nerve,  239. 

Artery,  middle  cerebral,  distribution  of,  37. 

Astigmatism,  its  tests  and  clinical  signifi- 
cance, 110,  111. 

Ataxia,  changes  of  the  pupils  in,  323. 

locomotor,  316. 

"  reflex  tests  "  of,  328,  324. 

symptoms  of,  320,  321,  322. 

tests  for,  321,  822,  323. 

Auditory  nerve,  198. 

Auditoiy  vertigo,  its  clinical  significance, 
211. 

Da-sal  ganglia,  effects  of  lesions  of,  81. 
Bell,  respiratory  nerves  of,  187. 


BelPs  paralysis,  180, 181,  191, 192, 193, 194. 

its  effect  on  smell,  102. 

its  varieties,  causes,  and  symptoms, 

192,  193,  1^4,  195. 

Bent  arm,  its  clinical  significance,  387. 

Bladder,  its  relations  to  focal  lesions  of  the 
spinal  cord,  345. 

Boulimia,  its  clinical  significance,  257. 

Brachial  plexus,  378. 

branches  of  inner  cord  of,  383,  884. 

branches  of  outer  cord  of,  882. 

branches  of  posterior  cord  of,  884. 

communications  of,  382. 

cords  of,  878,  879,  380. 

<cuts),  879,  880. 

Brain,  its  anatomy,  functions,  and  clinical 
aspects,  19. 

clinical  subdivisions  of,  80,  81,  82. 

component  parts  of,  weight  of,  22,  23, 

24. 

convolutions  and  sulci  of,  75,  76,  77. 

effects  of  destructive  lesions  of  gray 

matter  of  (general  summary),  89. 

effects  of  diffused  lesions  of,  90. 

effects  of  effusion  into  lateral  ventri- 
cles, haemorrhage,  and  softening  of, 
38. 

effects  of  intra-cranial  pressure,  82. 

effects  of  irritative  lesions  of,  89. 

effects  of  lesion  in  the  median  line  of, 

82. 

effects  of  lesion  of  one  lateral  half  of 

(general  summary),  82. 

embolism  of,  84. 

fourth  ventricle  of,  its  nuclei,  66. 

functions  of  the  cerebellum,  61. 

function  of  cerebral  convolutions  (gen- 
eral deductions),  66. 
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Brain,  functions  of  crura  cerebri,  59. 

functions  of  internal  capsule  of,  26,  91. 

function  of  lower  portions  of,  56. 

functions  of  medulla,  65,  66. 

functions  of  pons  Varolii,  59,  61. 

ganglia  of,  19,  20. 

general  propositions  relative  to  effects 

of  lesions  of  its  component  parts,  81. 

general   summary   of  its    physiology 

and  the  effects  of  lesions  of  its  sub- 
stance, 82,  83,  84,  85. 

gray  matter  of,  19,  20. 

growth  of,  23,  24. 

inferior  aspect  of  (cut),  22. 

in  profile  (cut),  20,  21. 

special  centers  of  motion  of  (cut),  39, 

41. 

transverse  vertical  section  of  (cut),  22. 

weight  of,  22,  24,  26. 

Broca,  center  of,  32,  33. 

center  of,  surgical  guide  to,  71. 

the  alveolo-condyloid  plane  of,  69. 

Canal,  intestinal,  effect  of  section  of  pncu- 
mogastric  upon,  253. 

Canals,  semicircular,  200,  204,  206,  207. 

semicircular,  effects  of  section  of,  215, 

216,  217,  218. 

semicircular,  their  relations  to  audi- 
tory vertigo,  215. 

Cardialgia,  257. 

Central  myelitis  of  spinal  cord,  338. 

Cerebellar  ataxia,  64. 

vertigo,  62. 

Cerebellum,  effects  of  lesions  of  (geneml 
summary),  82. 

functions  of,  61. 

its  numerous  connections,  63,  64. 

vertigo  and   ataxia   dependent  upon, 

63,  64,  65. 

Cerebral  thermometrv,  84. 

topography,  its  surgical  bearings,  68. 

Cerebro-spinal  axis,  5. 

fluid,  292. 

fluid,  its  nonnal  quantity  and  func- 
tions, 292,  203. 

fluid,  its  relation  to  cont^ciousness,  45. 

nerves,  5-9. 

Cerebrum,  its  anatomy,  functions,  and  clini- 
cal aspects,  25. 

caudate  nucleus  of,  48. 

centers  of  niotion  of,  28. 

construction  of  its  gray  matter,  75. 


Cerebrum,  converging  fibers  of,  26. 

convolutions  of  (cut),  81. 

convulsions  due  to  lesions  of,  47. 

cortex  of,  its  centers,  32. 

course  of  nerve  impulses  in  (diagniu), 

53. 
effects  of  lesions  of  central  portions 

of,  92. 
effects  of  lesion  of  cortex  (general 

summary),  82. 
effects  of  lesions  of  internal  capfmlt 

of,  91. 
effects  of  lesions  of  motor  am  of. 

37,  88. 
effects  of  lesions  of  the  white  centi-r 

of  the  hemispheres,  81. 

effects  of  removal  of,  29. 

excitable  regions  of  its  cortex,  85. 

frontal  lobes  of,  85. 

functions  of,  27. 

functions  of  frontal  lobes  of,  85. 

functions  of  bpecial  motor  centers  of, 

40,  42. 

guides  to  basal  ganglia  of,  71. 

gyri  of,  77,  78,  79. 

haemorrhage  of,  its  effects  upon,  SO. 

hemispheres  of,  functions  of,  28. 

internal  aspect  of  (cut),  25. 

internal  capsule  of,  26. 

irriUbility  of,  28. 

irritative  lesions  of  motor  area  of,  4o. 

its  basal  ganglia,  26. 

its  convolutions,  75. 

lenticular  nucleus  of,  48. 

lobes  of,  76. 

lobules  of,  76. 

lobules  of,  their  situation,  79. 

motor  regions  of,  86. 

motor  and  sensoty  tracts  of  (cut),  35. 

occipital  lobe  of,  its  functions,  5«». 

principal  fissures  of,  77. 

results  of  lesions  of  frontal  lobe  of,  S:«. 

sensory  lesions  of,  48. 

sensory  regions  of  cortex  of,  86. 

softening  of,  its  effect*,  80. 

special  centers  of  motion  of,  89. 

structure  of  convolutions  of  (cut),  X-1. 

sulci  of,  76. 

temporo-sphcnoidal  lobes  of,  and  theii 

functions,  61. 
Cervical  plexus  of  nerves,  864. 

deep  branches  of,  869. 

its  situation,  868. 
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Cervical  plexus,  superficial  branches  of,  366. 
Clieek,  hypertrophy  of,  its  causes,  163. 
Chorda  tympani  nerve,  its  relations  to  taste, 

160. 
Choreic  movements,  their  clinical  significance 

in  connection  with  cerebral  lesions, 

01. 
Choroiditis,  its  effect  on  vision,  143. 
Ciliary  muscle,  its  function  and  nerve  distri- 
bution, 129,  132,  133. 
Cilio-spinal  center,  147,  3.?1,  311,  351. 
its  relations  to  focal  lesions  of  cord, 

343. 
Claw-hand  deformity,  330. 
Cochlea,  204,  207. 

Coitus,  its  relation  to  spinal  disease,  347. 
its  relation  to  small  sciatic  and  pudic 

nerves,  466,  468. 
Color  blindness,  116. 

Column  of  Burdach,  sclerosis  of,  315,  316. 
Column  of  Goll,  sclerosis  of,  315,  316. 
Column  of  Tiirck,  sclerosis  of,  315,  826. 
Conjunctiva,  its  nervous  supply,  physiology 

of,  171. 
Consciousness,  its  relation  to  brain  lesions, 

45. 
Convulsions  of  cerebral  origin,  47. 
Cornea,  ulceration  of,  its  relations  to  fifth 

nerve,  170. 
Corpora  quadrigemina,  effect  of  Icsiops,  91. 

their  functions,  58. 

Corpus  striatum,  26. 

its  functions,  54. 

subdivisions  of,  26. 

Corti,  membrane  of,  210. 

organ  of,  201,  208,  209. 

Cranial  nerves,  9-95. 

Cranium,  surgical  guides  of,  68,  69,  70,  71. 

Ciniral  neuralgia,  450. 

Cms  cerebri,  its  functions,  59. 

Deaf-mutism,  220. 

Defecation,  center  of,  311. 

its  relations  to  focal  lesions  of  the  spi- 
nal cord,  345,  847,  352. 

Deglutition,  center  of,  67. 

center  of,  reflex  acts  of,  233. 

effects  of  section  of  fifth  nerve  upon, 

160. 

excitory  nerve  of,  231. 

it:*  relations  to  glosso-pharjnigeal  nerve, 

223. 

its  relation  to  the  otic  ganglion,  174. 


Deglutition,  mechanism  of,  226,  227,228, 

229,  280,  231,  232,  233. 

muscles  connected  with,  370. 

relations  of  hypo-glossal  nerve  to,  277. 

relations  of  spinal  accessory  nerve  to, 

264. 
Diabetes,  center  of,  67. 
Diaphragmatic  tetanus,  376. 
Digestive  tract,  effects  of  section  of  pneu- 

mogastric  nerve  upon,  251. 
Diplopia,  its  clinical  significance,  148,  149. 
Duchenne's  disease,  149-196,  234,  278,  279, 

its  relations  to  tetanoid  paralysis,  330. 

Dyspnoea,  its  relations  to  focal  lesions  of 

the  spinal  cord,  344. 

Ear,  external,  201, 

internal,  204. 

internal,  fluids  of,  205. 

middle,  201. 

relations  of  muscles  of,  to  hearing,  187. 

Earache,  its  diagnostic  importance,  171. 

its  relations  to  fifth  nerve,  170. 

Eighth  nerve  (see  Nerve,  Auditory),  198. 

Eleventh  nerve  (see  Nerve,  Spinal  Acces- 
sory), 259. 

Embolism  of  brain,  34. 

Epilepsy,  spinal,  345. 

Erection,  center  of,  311. 

Eustachian  tube,  function  of,  202. 

its  clinical  points  of  interest,  217,  218. 

Eye,  in  facial  paralysis,  190. 

its  relations  to  facial  diplegia,  197, 198. 

Eyeball,  center  of  movements  of,  139. 

motions  of,  135, 136, 137, 138, 139, 140. 

Eyelid,  effect  of  closure  of,  on  lachrymal  ap- 
paratus, 121. 

mechanism  of  its  closure,  121. 

Eyes,  bilateral  deviation  of,  in  cerebral  le- 
sions, 40. 

oscillatory  movements  of,  their  clinical 

significance,  215. 

Face,  in  facial  diplegia,  197. 

motor  centers  of,  42,  48. 

motor  points  of  (cut),  282. 

paralysis  of  muscles  of,  191,  192,  193, 

194. 

relations  of  cervical  plexus  to  expres- 
sion of,  368. 

relation  of  facial  nerve  to  expression 

of,  189. 

spasm  of  muscles  of,  190,  191. 
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Facial  diplegia,  196,  197. 

Facial  nerve  (see  Nerve,  Facial),  117. 

function  of  chorda  tympani  branch  of, 

160. 
Facial  neuralgia,  161. 
Fallopius,  aqueduct  of,  177,  182. 
aqueduct  of,  its  relations  to  facial  pa- 
ralysis, 193,  194. 
Fascia  of  chest,  nerve  distribution  of,  368. 

of  forearm,  its  nerve  supply,  388. 

of  leg,  its  relation  to  cutaneous  nerves, 

474. 

its  nervous  supply,  447. 

Fasciae,   nervous    distribution    to  (general 

axiom),  12,  13. 
Fibers  of  Remak,  9. 
Fifth  cranial  nerve  (see  Nerve,  Trigeminus), 

161. 
First  cranial  nerve  (see  Nerve,  Olfactory),  96. 
Fissure,  calcarine,  of  cerebrum,  80. 

calloso-marginal,  of  cerebrum,  80. 

external  parieto-ocdpital,  its  relations 

to  the  lambdoidal  suture,  68. 
external  parieto-occipital,  its  situation, 

77. 
external     parieto  -  occipital,    surgical 

guide  to,  71. 
internal  paricto-occipital,  of  cerebrum, 

80. 

of  Rolando,  37,  42. 

guide  to,  70,  72. 

its  relation  to  the  coronal  suture,  68. 

its  situation,  77. 

of  Sylvius,  guides  to,  71,  72. 

its  situation,  77. 

its  surj;ical  importance,  77. 

Foot,  its  attitude  in  tibial  paralysis,  485,  486. 
Forearm,  motor  points  of  (cut),  417,  418. 
Fourth  cranial  nerve  (see  Nerve,  Trochlea- 

ris),  149. 
Fremitus  of  fingers  in  paralytic  dementia, 

281. 

Gait  of  locomotor  ataxia,  321. 

of  peroneal  paralysis,  483,  484. 

of  sciatic  paraly.*ii»,  481. 

of  tetanoid  paraplegia,  330. 

(langlion,  ciliary,  174,  175. 

jugular,  222. 

jugular,  of  pneumogastric,  239. 

lenticular,  174,  176. 

^  Meckel's,  174,  175,  183,  186. 

Meckel's,  excision  of,  173. 
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Ganglion,  of  Luschka,  372. 

of  root  of  pneumogastric,  239. 

of  trunk  of  pneumogastric,  239. 

ophthalmic,  174,  176. 

ophthalmic,  its  relation  to  sixth  nerve, 

176. 

otic,  174,  175,  183,  186. 

submaxillary,  174,  176. 

of  Andersch,  222. 

of  Gasser,  229. 

Ganglia,  basal,  of  cerebrum,  26. 

basal,  of  cerebrum,  effects  of  destnio- 

tion  of,  66,  67. 
basal,  of  cerebrum,  effects  of  lesioiif 

of,  81. 

basal,  of  cerebrum,  their  fonctioiia,  M. 

connected  with  fifth  cranial  nenrc,  173, 

174. 

of  the  brain,  19,  20. 

of  the  fifth  nerve  (Uble  of),  175. 

General  axioms  of  nerve  distribatkm,  11, 

12,  13. 
Genito-urinary  center,  301,  811. 
Glands,  cervical,  relations  of  their  enlai^ 

ment  to  fifth  nerve,  1 70. 
Globus  hystericus,  264. 
Glossoplegia,  278,  279. 
Glottis,  respiratory  movements  of,  264. 
Gluteal  paralysis,  461. 
Gubler,  line  of,  183,  192. 

Hair,  sudden  blanching  of,  169. 

Hand,  its  relation  to  paralysis  of    median 

nerve,  397. 
its  relation  to  paralysis  of  mutculo- 

spiral  nerve,  416,  416. 
its  relation  to  paralysis  of  ulnar  nerre, 

403,  404. 

motor  centers  of,  48. 

motor  points  of  (cut),  417,  418, 

Handwriting,  its  modifications  in  paralytic 

dementia,  281. 
Head,  nerve  supply  to  posterior  portioii  of, 

866,  867. 
Hearing,  centers  of,  86. 
effects  of  section  of  fifth  n^nrc  upon, 

160. 

general  view  of  organ  of,  200. 

its  relations  to  facial  pftrmlvfls,  194. 

its  relation  to  otic  gmnglioii,  174. 

mechanism  of,  202,  208,  SOi,  207, 208, 

209,  210. 
relations  of  muscles  ol  ear  to,  187. 
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Hearing,  special  centers  of,  52. 

Ileart,  accelcratory  center  of,  842,  848,  844. 

effects  of    section  of  pneumogastric 

upon,  251. 

inhibitory  center  of,  67. 

Hemianopsia,  its  varieties  and  causes,  128, 
124. 

Hemiparaplegia,  848,  852. 

Hemipl<^a  spinal,  348,  350. 

Hiccough,  874,  875. 

its  relations  to  focal  lesions  of  spinal 

cord,  343. 

Huguier,  canal  of,  182. 

Hypergeusia,  its  tests  and  clinical  signifi- 
cance, 235. 

Hyperopia,  its  effects  on  health,  109,  110. 

Hyperosmia,  its  causes  and  tests,  102. 

Incodrdination,  theories  of  origin  of,  825. 

Intercostal  neuralgia,  430. 

Internal  capsule  of  the  brain,  26,  48. 

effects  of  lesions  of,  44,  49,  91. 

Iri.4,  its  nervous  supply  and  movements,  130, 
131,  134,  135. 

reflex  action  of,  and  its  clinical  bear- 
ings, 135. 

relations  of  blood-vessels  to  move- 
ments, 184. 

Island  of  Reil,  effects  of  lesions  of,  86. 

its  situation,  79,  80. 

Jacksonian  epilepsy,  47. 

Kinesodic  system,  313. 
Kopp*s  asthma,  254. 

Labyrinth,  its  anatomy  and  functions,  204. 
Lachrymal  apparatus,  its  relation  to  facial 

paralysis,  198. 
Larynx,  effects  of  section  of  pneumogastric 

nerve  upon,  219. 
Lenticular  nucleus,  48. 
Liver,  effects  of  section  of  pneumogastric 

nerve  upon,  252. 
Lobe,  frontal,  of  cerebnim,  35. 
frontal,  of  cerebrum,  fifth  convolution 

of,  in  criminals,  77. 
frontal,  of  cerebrum,  its  convolutions 

or  gyri,  78. 
occipital,  of  cerebrum,  its  convolutions 

or  gyri,  79. 
occipital,  of  cerebrum,  its  functions, 

50. 


Lobe,  parietal,  of  the  cerebrum,  its  convo- 
lutions or  gyri,  78. 

Lobule,  occipital,  its  situation,  80. 

para-central,  37. 

its  situation,  80. 

Lobulus  centralis,  its  situation,  79. 

quadratus,  its  situation,  80. 

Local  tenderness  of  skin,  significance  of,  12. 

Locomotor  ataxia,  316. 

Locus  cseruleus,  175. 

Lower  extremity,  motor  centers  of,  40,  42. 

Lumbar  plexus,  435,  436. 

tables  of  branches  of,  437,  488. 

Lumbo-sacral  cord,  458. 

Lungs,  effect  of  section  of  pneumogastric 
nerve  upon,  250. 

Macropsia,  its  clinical  significance,  142, 143. 

Macula  lutca,  105. 

Malum  Cotunnii,  478. 

Mastication,  effects  of  section  of  fifth  nerve 

upon,  160. 
its  alteration  in  Duchenne*s  disease, 

279. 
Mastodynia,  482,  433. 
MeckePs  ganglion,  174,  175. 
Median  nerve,  trophic  effects  of  paralysis 

of,  898. 
Medulla  oblongata,  respiratory  center  of,  its 

clinical  relations,  842. 

centers  of,  and  their  functions,  66,  67. 

functions  of,  65. 

nerve,  nuclei  of,  66. 

Mcgalopsia,   its  clinical   significance,    142i 

143. 
Meniere's  disease,  62,  120,  211. 
Meningo-encephalitis,  90. 
Meso-cephalon,  motor  and  sensory  tracts  of 

(cut),  85. 
Micropsia,  its  clinical  significance,  142,  148. 
Micturition,  center  of,  311. 
its  relations  to  focal  lesions  of  the 

spinal  cord,  845,  847,  852. 
Monoplegia,  surgical  relief  of,  74. 

traumatic  and  surgical  aspects,  74. 

types  of,  45,  46. 

Motor  nerves,  methods  of  termination  (cut), 

10. 
Motor  oculi  nerve,  127. 

its  clinical  relations,  142. 

its  origin  and  course,  127,  128. 

its  relations  to  the  perception  of  dis- 
tance, 140. 


Uotot  oculi  BCTTc,  phjBiologj  of  its  distri. 

bucion,  131,  132,  IBS. 

sjmiiloiDB  of  paralysis  of,  14I>. 

Motor  poinU  of  upper  eitrcmit;  (cut),  419, 

416,417,418. 
Jloutb,  changes  due  to  e[>a.=m  of,  165. 
— • —  chttogcB  in  Bell's  pji'sljeis,  180. 

Uu^uic  vuHluaCi"-,  Ilii-ir  causes,  115. 

Uoscle,  buccinator,  its  relations  to  degluti- 
tion, 227. 

buccinator,  physioiogr  of  action,  188, 

186. 

platjsniii,   phyaiolojjy   of  it9    action, 

188. 

quadriceps  extensor,  Bpum  of,  448. 

elapcdius,  181. 

atapediua,  function  of,  317. 

M.'iii.i-iiii-diiil.  its  nerve  supply,  268. 

sliTnu-muoliiia,  par«ljais  of,  270,  271. 

stcrno-moitold,  tonic  nnd  clonic  spasm 

<il,  268.  260. 

tensor  tjmpani,  function  of,  204,  217. 

tensor  tjiopani,  its  relations  to  facial 

Impezius,  its  ncrre  supply,  266. 

trapc;dus,  paralysis  of,  271,  272. 

Irapeziua,  tonic  and  clonic  spasm  of, 

2S8, 269.  I 

Muscles,  causes  of  contracture  after  paraly-  i 

sis  of,  346.  I 
eitcnsor  and  adductor  groups  of  thi^h, 

spasm  of,  482. 
Seior  group  of  foot,  spasms  of,  482, 

483. 

flexor  group  of  Iq;,  spasin  of,  482. 

gluteal,  j)iinilyBia  of,  lUl,  462. 

gluteal,  spilSlnSof  461 

of  the  hip,  spasrn  or  462,  481. 

of  the  tliii-li,  Blrophy  of,  490. 

of  the  thigh  and  leg,  their  physiological 

groupings,  4fi4,  400. 

of  voice,  jieivons  supply  of,  263. 

Myelitis,  central,  of  spinal  cord,  338. 

of  anterior  horns  of  spinal  cord,  331. 

polio.,  332. 

Myopia,  its  effects,  lOfl,  1 1 1. 


-ve,  acecssot;  obturator,  its  distribntkoi 
and  functions,  406,  497. 

-  anterior  cniml,  437,  438. 

-  anterior  crural,  its  clinical  rcUlioof, 

-  anterior  crural.  Its  distri  balkxis  and 

functions,  444,  445. 

-  anterior  crural,  iu  relations  to  joioiii, 

444,  445. 

-  anterior  interosseous,  382. 

-  anterior  tibial,  472. 

-  Arnold's,  23tf. 

-  auditory,  198. 

-  auditory,  anesthesia  of,  230. 

-  auditory,  clinical  points  afforded  hi. 

211. 

-  auditory,  diagram  of,  193. 

-  ouditory,  liypctnr^the>ia  p(,  219. 

-  auditory,  5Li  origin.  I\i8. 

-  auditory,  peculiarity  of  fibers  of,  IM. 

-  cardiac,  S40. 

-  cervical,  clinical  ptants  pertaining  it^ 

372. 

-  ccrvico-taelal,  179.  183,  188. 

-  chorda  Ijmpani,  182,  188,  234, 

-  chorda  tymponl,  dia^n^m  of,  183,  185. 

-  chnnJa  Ijmpani,  function  of,  225, 

-  chorda  tympani.  its  origin,  178. 

-  chorda  tympani,  its  rclallonB  to  facial 

paralysis,  193,  194. 
~  chorda  tympani,  its  relation  to  tbe  sub- 
maxillary  gland,  174. 

-  chorda  lympaoi,  its  relations  to  taste, 

160. 
-ciliary,  103,  134. 

-  circumflei,  of  ann,  378,  364,  40S. 

-  circumflex,  of  arm,  its  cUlucal   rela- 

tions, 407. 

-  cireumflei,  of  arm.  its  dlstribatloo  and 

functions,  406,  407. 

-  cochlear,  200. 

-  communicans  nonl,  275,  270,  W2, 3M. 

-  communicaiis  noni,  ita  surgical  na- 

tions, 369. 

-  compound,  of  tbe  head,  I7S. 


ofei 


,  108. 


dental,  inferior,  103,  104. 

depressor,  of  heart,    238,    230,  2(3, 

263. 
depressor,   of  heart,  it*  relatkna  lo 

spinal  accessory  nerve,  2M. 

dcsconJcna  noni,  270,  S78. 

dorsal,  of  penis,  409, 
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Nerve,  donal,  ol  penia,  Its  dtstributiong  tmd 
fuoctions,  4ST,  468. 

cITcreDt,  7. 

eicitory,  of  doglutiilon,  381, 

Gilernat  anterior  thoracic,  37S,  SS2, 


-  external  culaacouK,  of  the  ■ 


D,  378, 


-  external  uutuDeous,  of  the  thigh,  ^S^, 

4S8. 

-  eitenul  cntaaeous,  of  thi^h,  ill  distri- 

bution unJ  f  uiicLioQ^,  44-',  448. 

-  eitemd  popliteal,  46 U,  472. 

-  externa)  roaplralory,  o(  Bell,  878, 

-  exlcrnil  Mphenous,  47S. 
-facial,  177. 

-  facial,    clinical    ptdnta    afforded    by, 

190. 
-facial,  conimunicaIi.>n8 of,  178,  179, 

-  facial,  course  ot.  177. 
~  facial,  diagram  of,  17S. 

-  facial,  fanutioun  of,    7»,  180. 

-  facial,  liii;:iiiil  brandi  ol,  183,  184. 

-  facial,  its  rclationa  to  Duchcnne'B  dis- 

ease, 280. 

-  facial,  oi'igins  of,  177. 

-  facial,  paralysia  of,  1 80. 

-  facial,  relaUons  to  Bftb  nerre,  183. 

-  facial,  table  of  branches  of,  182. 

-  fibers  <cut),  a. 
-frontal,  IBS,  1IS4. 

-  Benito-craral,  437,  43  B. 

-  genito-crural,  its  distribution  and  clini- 

tMn:-latioris,4J3,444,      - 

-  Blosso-phsryngc-il,  220, 

-  gloaso-phnryDgeal,  clinical   points  of 

interest  of, '234. 

-  glos90-phar}'iigi>i>).  effects  of  section  of, 

226. 

-  glosso-phaiyr.geal,  its  origin  and  rcla- 

-- gloaso-pharj'ii^eal,  table  of  branchca 
of,  225. 

-  e'w*  auricular,  383,  383,   384,   388, 

867, 

-  great  occipital,  382,  383,  368.  367. 

-  great  sciitic,  4S8,  4n9. 

-  ^cat  splanchnic,  il9  relation  to  pain, 

426. 

-  (;u9lalorf.  183,  134. 

-  hypo-glossal,  272. 

-  hypo-glossal,  clinical  points  pert^ning 


Nerve,  hypo-glossal,  communications  of,  278, 

274,  275. 

bypo-gloisal,  effects  of  section  of,  277. 

hypo-gtoesal,  general  function  of,  272, 

276. 
hypo-glossal.  Its  relations  to  degluU- 

tion,  ■1^2^  2*8,  277. 

hvpo-glossul,  origin  of.  272,  273. 

iSo-liypogostrio,  437,  438, 

Ilio-hypogastric,  its  clinical  relations, 

440. 
ilio- hypogastric,  its  distributions  and 

functions,  438,  440. 

ilio-inguinal,  437, 438. 

ilio-ingulnal,  its  clinical  relaUons,  440. 

ilio-inguinal,  its  distribution  and  func- 
tions, 439,  440. 
inferior  dental,  rules  for  section  of, 

173. 

inferior  gluteal,  459. 

inferior  hemorrhoidal,  459. 

inferior  hemorrhoidal.  Its  distributions 

and  riinccion^46T  -iSS, 

inferior  maxillary,  153,  154. 

inferior  pudendal,  489. 

inhibitory,  of  vaso-molor  center,  247. 

intercostal,  physiology   of,  421,  423, 

423,  424. 
internal  anterior  thoracic,   378,   883, 

385. 
internal  cutaneous,  of  arm,  378,  883, 

internal  cutaneous,  of  the  thigb,  438. 

internal  popliteal,  4S9,  472. 

internal  saphenous,  438. 

lachrymal,  168,  164. 

laryngeal,  242,  243. 

lesBcr   internal   cutaneous,    878,   383, 

3SS. 

long  saphenoiis,  438, 

long  saphenous,  its  distribution  and 

physiology,  447, 

median,  378,  3S2,  891. 

median,  its  clinical  relations,  395. 

median,  its  distribution  and  fUDCtiona, 

393,  390. 

median,  its  surgical  relations.  893,  398. 

iiiiiMlr-  Lufinwiii-^,  of  the  thigh,  433, 

molorj)ciili,  127. 

motor-ocidi  exlernus,  17B,  178. 

musc^ilar,  of  brachial  plexus,  378. 

musculo-cutancous,  382,386. 
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Kenre,  musculo-cutaneous,  of  arm,  its  clinical 
relations,  390,  391. 

musculo-cutaneous,  of  arm,  its  physio- 
logical relations,  386,  887,  888. 

musculo-cutaneous,  of  leg,  472. 

musculo-spiral,  378,  3S4,  408. 

musculo-spiral,   its   clinical  relations, 

412. 

musculo-spiral,  its  course  and  distri- 
bution, 4u8. 

musculo-spiral,  its  cutaneous  distribu- 
tion, 411,  412. 

mylo-byoid,  153,  164. 

nasal,  163,  164. 

obturator,  437,  488. 

obturator,  its  clinical  relations,  465. 

obturator,  its  distributions  and  func- 
tions, 452,  453,  454. 

olfactory,  95. 

olfactory,  distribution  and  functions 

in  animals,  98. 

olfactory,  its  clinical  relations,  101. 

olfactory,  its  origin,  95,  96. 

olfactory,  its  relation  to  reflex  action, 

100. 

olfactory,  structure  of  filaments  of,  97. 

ophthalmic,  163,  164. 

optic,  103. 

optic,   causes   of   impairment  of    its 

fibers,  123,  124,  126,  126,  127. 

optic,  chiasm  of,  103. 

optic,  distribution  of,  105. 

optic,  fibers  of,  103,  104. 

optic,  its  association  with  fifth  nerve, 

106. 

optic,  its  clinical  relations,  122. 

optic,   its    effect  on  coordination  of 

movement,  120. 

optic,  its  effect  on  lachrymal  appa- 
ratus, 120. 

optic,  its  effect  on  the  pupil,  106. 

optic,  its  relations  in  the  orbit,  108. 

optic,  its  relations   to  blood-vessels, 

103,  109. 

optic,  its  clinical  relations  to  intra- 
cerebral pressure,  123. 

optic,  its  relations  to  reflex  action,  106. 

optic,  physiological  reasons  for  pe- 
culiar distribution  of  its  fibers,  107, 
108. 

orbital,  153,  154. 

of  Wrisbcrg,  199,  378,  388,  424. 

patheticus,  149. 


Nerve,  perineal,  459. 

perineal,  its  distributions  and  func- 
tions, 467,  468. 

peroneal,  472. 

phrenic,  862,  364,  378. 

phrenic,  disorders  of,  374. 

phrenic,  its  relations  to  focal  lesion  of 

spinal  cord,  342. 

phrenic,    its    surgical    relatkms  ind 

functions,  870. 

phrenic,  physiology  of  distributioD  of, 

870,  871,  872. 

pneumogastric,  286. 

pneumogastric,  afferent  fibers  of,  347. 

pneumogastric,  anastomoses  of,  237. 

pneumogastric,  branches  of,  240. 

pneumogastric,  clinical  points  pertaia- 

ing  to,  268. 

pneumogastric,  course  and  re!atioDS  of. 

248,  249. 

pneumogastric,  diagram  of,  288,  241. 

pneumogastric,  effects  of  section  of, 

249,  250,  261,  252. 

pneumogastric,  efferent  fibers  of,  S40. 

pneumogastric,  functions  of,  240. 

pneumogastric,   its  relations  to   Do- 

chennc*8  disease,  280. 
pneumogastric,  relations  to  reffiira- 

tion,  247. 

portio  intermedia,  179. 

posterior  interosseous,  384,  4^10. 

posterior  thoracic,  878. 

posterior  tibial,  472. 

pudic,  458,  469. 

pudic,  its  clinical  relations,  468. 

pudic,  its  distributions  and  fanctiom, 

467,  468. 
pudic,  its  relations  to  the  uiinarr  or- 
gans and  coitus,  468,  469. 

pulmonary,  their  clinical  reUtioiis,  255. 

radial,  884,  410. 

recurrent  laiyngeal,  289. 

sciatic,  its  clinical  relations  and  tlKve 

of  its  branches,  478. 
sciatic,  its  distributions  and  fiiiictica5, 

469,  470,  471. 
sciatic,  paralysis  of,  or  of  its  branrbei, 

488,  484. 
small  occipital,   862,   36S,  364,  366. 

867. 

small  sciatic,  458,  459. 

small  sciatic,  its  diitribation  And  Ua^^ 

tion,  464. 
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Nerve,  small  sciatic,  its  relation  to  coitus, 
465,  466. 

small  sciatic,  its  relations  to  genital 

organs,  466. 

sphcno-palatine,  153,  154. 

spinal  accessory,  259. 

spinal  accessory,  clinical  points  per- 
taining to,  268. 

spinal  accessory,  communications  of, 

260. 

spinal  accessory,  distribution  of,  261. 

spinal  accessory,  effects  of  extirpation 

of,  266. 

spinal   accessory,    its   communication 

with  the  suboccipital  nerve,  and  its 
physiological  importance,  267. 

spinal    accessory,  its  distribution   to 

muscles,  and  its  physiological  impor- 
tance, 266. 

spinal  accessory,  its  relations  to  deglu- 
tition, 264. 

spinal  accessory,  its  relations  to  Du- 

chenne's  disease,  280. 

spinal  accessory,  its  relations  to  the 

heart's  action,  264. 

spinal  accessory,  its  relations  to  sing- 
ing, 266. 

spinal  accessory,  its  relation  to  voice, 

264. 

sublingual,  2Y2. 

suboccipital,  362,  866. 

subscapular,  878,  384,  404. 

supra-clavicular,  362,  363 

superficial  cervical,  362,  363,  304. 

superficial  perineal,  459. 

superior  gluteal,  458,  469. 

superior  gluteal,  its  clinical  relations, 

460,  461. 

superior  gluteal,  its  distribution  and 

functions,  459,  460. 

superior  maxillary,  153,  154. 

superior  respiratory,  of  Bell,  243. 

sympathetic,  7. 

sympathetic,  communications  of,  9. 

sympathetic,  distribution  of,  7. 

sympathetic,  function  of,  7. 

sympathetic  (cuts),  6-8. 

temporal,  deep,  153,  157. 

temporo- facial,  179,  182,  188. 

tcmporo-malar,  153,  154. 

thoracic,  886. 

trigeminus,  151. 

trigeminus,  afferent  fibers  of,  167. 


Nerve,  trigeminus,  clinical  points  afforded 

by.  161. 

trigeminus,  diagnostic  value  of,  1 69. 

trigeminus,  diagram  of,  164. 

trigeminus,  effects  of  section  of,  169. 

trigeminus,  efferent  fibers  of,  165. 

trigeminus,  function  of   its  efferent 

fibers,  165,  166. 
trigeminus,   ganglia   connected   with, 

173. 
trigeminus,  its  relations  to  deglutition, 

228. 
trigeminus,  its  motor  and  sensory  root, 

152. 

trigeminus,  its  origin,  161. 

trigeminus,  neuralgias  of,   161,   16'J, 

163. 
trigeminus,  paralysis  of,  165, 166, 167, 

168,  169. 

trigeminus,  spasms  due  to,  164. 

trigeminus,  surgical  anatomy  of,  172. 

trigeminus,  table  of  branches  of,  163. 

trochlear,  149. 

trochlear,  effect  of  paralysis  of,  150, 

161. 
trochlear,  its  origin  and  function,  149, 

150. 

tympanic,  179,  182. 

ulnar,  378,  383,  400. 

ulnar,  its  clinical  relations,  402. 

ulnar,  its  distribution,  400,  402. 

ulnar,  its  relations  to  focal  lesions  of 

cord,  344. 

ulnar,  its  surgical  relations,  400. 

vestibular,  200. 

Vidian,  182,  183,  186. 

Nerves,  afferent,  7. 

auriculo-temporal,  168,  164. 

brachial  plexus  of,  378. 

cranial,  9-95. 

cardiac,  their  clinical  relations,  266. 

cardiac  functions  of,  245,  246. 

cerebro-spinal,  6-9. 

cervical,  355. 

cervical  (lower),  878. 

cervical,  classification  of  branches,  862. 

cemcal  plexus  of,  364. 

coccygeal,  356. 

-^—  cutaneous,  clinical  guides  to,  158,  159. 
cutaneous,  of  abdomen,  their  clinical 

subdivisions,  440. 

cutaneous,  of  head,  157,  158,  159. 

dental,  anterior  and  posterior,  168, 164. 
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Nerves,  dorsal,  855,  419,  420. 

dorsal,  their  clinical  relations,  424. 

dorsal,  their  communication  with  the 

sympathetic  nerve,  419. 

dorsal,  their  relation  to  the  brachial 

plexus,  419. 

dorsal,  their  relation  to  the  contents 

of  the  mediastinsB  of  the  chest,  425. 

dorsal,  their  relation  to  heart  disease, 

424. 

dorsal,  their  relation  to  pleurisy,  424. 

dorsal,  paralysis  of,  433,  434,  435. 

dorso-lumbar,  422. 

from  lower  cervical  region,  377. 

gastric,  their  clinical  relations,  257. 

general  axioms  of,  11,  12,  13. 

hepatic  of  pneumogastric,  their  clini- 
cal relations,  258. 

intercostal,  420. 

intercostal,  lateral  and  anterior  cuta- 
neous branches  of,  420. 

intercostal,  neuralgia  of,  430, 431, 482. 

intercostal,  their  relation  to  abdominal 

pain,  427,  428. 

intercostal,  their  relation  to  disease  of 

the  digestive  viscera,  426. 
—  intercostal,  their  relation  to  disease  of 
the  stomach,  426. 

intercostal,  their  relations  to  focal  le- 
sions of  spinal  cord,  851. 

intercostal,  their  relations  to  the  pleu- 
ra, 422. 

intestinal,  of  pneumogastric,  their  clin- 
ical relations,  258. 

laiyngeal,  their  clinical  relations,  254. 

law  of  distribution  of,  10. 

lumbar,  365,  436. 

motor,  methods  of  termination  (cut), 

10. 

motor  points  of,  on  skin,  3. 

oesophageal,  251. 

of  arm  and  forearm  (tables  of),  882. 

of  hip  joint,  477,  478. 

of  larynx,  248,  244. 

of  leg  and  foot  (table  of),  472. 

of  respiratory  movements  of   glottis, 

243. 

petrosal,  179,  182,  183,  184,  186. 

petrosal,  diagram  of,  186. 

petrosal,  their  relations  to  facial  pa- 
ralysis, 193,  194. 

plantar,  472. 

practical  interest  of,  8. 


Nerves,  resection  of,  rules  for,  172. 

respiratory,  of  Bell,  187. 

sacral,  355,  467. 

sacral,  neuraljria  of  posterior  brtDchef 

of,  480. 

spinal,  9-292. 

spinal,  axioms  of  distribution  of,  35S, 

859,  860. 

spinal,  roots  of,  9. 

subscapular,  distribution  of  each,  ¥A. 

subscapular,   their   clinical    relations. 

406,  406. 
superior  maxillary,  rules  for  exct^ioD 

of,  173. 

supra-orbital,  158,  154. 

supra-orbital,  rules    for   divisioo  of. 

172,  173. 

supra-scapular,  878. 

thoracic  intercostal,  420. 

thoracico-abdominal  intercostal,  A^. 

to  the  peritonseum,  and  their  physiol- 
ogy, 441. 

trochlear,  168,  154. 

vaso-motor  for  trunk,  cxtmnity,  asJ 

viscera,  810. 

vaso-motor  of  spinal  cord,  310. 

NeiTous  system  of  man,  general  arranrr- 

ment  of,  6. 
Neuralgia,  cervico-occipital,  373. 

diaphragmatic,  374. 

intercostal,  480,  481,  482. 

of  anterior  crural  nerve,  450. 

of  the  ilio-hypogastric  and  ilio4nsui- 

ni\f  nerves,  489,  440. 

of  the  mammary  gland,  432. 

of  the  obturator  nerve,  465. 

of  the  phrenic  nerve,  874. 

of  the  phrenic  nerve,  its  differential 

diagnosis,  876. 
of  the  sciatic   nerve,   478,  479,  «IW, 

481. 
Ninth  nerve,  220. 
Nucleus  caudatus,  guide  to,  71. 
Nystagmus,  its  clinical  significance,  146>. 

Obturator  neuralpda,  465,  45<(. 

paralysis,  456. 

Ocular  movements,  center  of,  40,  52,  68. 
(Esophagus,  center  of  moTement  of,  C7. 
Olfactory  nerve.    (See  Nerve,  Olfactory.) 
Optic  nerve.    (See  Nerve,  Optic.) 
Optic  thalamus,  26,  48. 
guide  10,71. 
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Optic  thalamus,  its  effects  on  vision,  57. 
its  functions,  54. 

Pain,  at  knee  joint,  its  clinical  significance, 
448,  454,  474,  475,  476. 

facial,  of  Fothergill,  161. 

general  clinical  significance  of,  1 3. 

in  the  back,  its  relation  to  aneurism, 

427. 

in  the  pectoral  region,  its  clinical  sig- 
nificance, 427. 

in  the  penis, its  clinical  significance,466. 

in  the  pit  of  the  stomach,  its  clinical 

significance,  426. 

in  the  region  of  the  thorax,  its  diag- 
nostic value,  424,  425,  426. 

in  the  shoulder,  its  relation  to  diseases 

of  the  liver,  428. 

in  the  thorax,  its  relation  to  gastric 

and  intestinal  disease  and  tumors  of 
the  viscera,  428. 

its  relation  to  brain  lesions,  45. 

its  relation  to  the  phrenic  nerve,  371. 

Sf  gout,  818. 

of  locomotor  ataxia,  its  diagnostic  pe- 
culiarities, 317. 

of  rheumatism  of  muscles,  319. 

superficial,  clinical  significance  of,  11. 

Palate,  its  relation  to  deglutition,  231. 

its  relations  to  facial  paralysis,  194. 

its  relations  to  glosso-pharyngeal  nerve, 

222. 

nerves  of,  185. 

Papilla  of  retina,  105. 

Para-central  lobule,  effect  of  lesions  of,  44. 

Paralysis^,  atrophic  spinal,  331. 

bilateral,  of  face,  196. 

bulbar,  278,  279. 

cerebral,  surgical  relief  of,  73,  74. 

crossed,  177,  182,  192. 

crossed,  diagram  of,  60. 

crossed,  its  varieties,  59. 

due  to  crutches,  419. 

due  to  lead  poisoning,  413,  414,  415. 

facial,  191,  192,  193,  194. 

facial  crossed,  182,  183,  184,  192, 193. 

general,  of  the  insane,  90. 

^^lospo-labio-laryngcal,  234,  278,  279. 

motor,  due  to  lesions  of  cortex,  44. 

motor,  its  clinical   significance  when 

occurring  on  the  same  side  as  an  in- 
jury to  the  head,  73. 

of  anterior  crural  ner^'c,  449,  4->0. 


Paralysis,  of  Bell,  180,  181. 

of  circumflex  nerve  of  shoulder,  407, 

408. 

of  cranial  nerves  following  injury  to 

the  head,  73. 

of  diaphragm,  874,  376. 

of  dorsal  nerves,  433, 434,  435. 

of  Duchenne,  198,  278,  279. 

of  facial  muscles,  88. 

of  facial  nerve,  its  relation  to  hemi- 
plegia, 59. 

of  the  insane,  281. 

of  lower  extremity,  88. 

of  median  nerve,  395,  896,  397. 

of  muscles  of  the  back,  434,  435,  486. 

of  musculo-cutaneous  nerve,  390. 

of  muBculo-spiral  nerve,  412, 413, 414, 

415,  416. 

of  obturator  nerve,  455,  456. 

of  ocular  muscles,  its  causes,  147, 148. 

of  the  ocular  muscles,  its  effect  on  the 

position  of  the  he&d,  140,  141,  142. 

of  peroneal  nerve,  483. 

of  sciatic  nerve,  481,  483. 

of  sciatic  nerve,  its  sensory  disturb- 
ances, 486. 

of  sciatic  nerve,  its  trophic  disturb- 


ances, 486. 


of  superior  gluteal  nerve,  461. 

of  ulnar  nerve,  402,  403,  404. 

spastic  spinal,  829. 

of  tibial  nerve,  484,  485, 

of  tongue,  288. 

of  upper  extremity,  88. 

tetanoid,  829. 

tetanoid,  gait  of,  330. 

tetanoid,  its  relations   to  Duchenne's 

disease,  330. 

Paralj-tic  dementia,  281. 

Paralyzed  muscles,  early  rijridity  of,  in  cor- 
tical lesions  of  the  brain,  45. 

late  rigidity  of,  44. 

late  rigidity  of,  its  causes,  89. 

theories  of  late  rigidity  of,  48. 

Paraplegia,  hemi-,  348,  352. 

tetanoid,  329. 

Parturition,  center  of,  311. 

Patheticus  nerve,  149. 

Pleurodynia,  its  diagnosis  from  pleurisy  and 
angina  pectoris,  432. 

Point  apophysaire,  1C3. 

Polio-myelitis,  its  causes,  varieties,  and 
symptoms,  332,  333,  384. 
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Polydipsia,  its  clinical  significance,  257. 

Polyphagia,  its  clinical  significance,  258. 

Pons  Varolii,  its  functions,  59,  61. 

Progressive  muscular  atrophy,  334. 

Prosopalgia,  its  clinical  significance,  161. 

Ptosis,  145. 

Puncta  dolorosa,  of  cervico-occipital  neural- 
gia, 373. 

of  crural  nerve,  450. 

of  fifth  nerve,  163. 

of  intercostal  neiTC,  432. 

of  lumbar  nerves,  440. 

of  phrenic  neuralgia,  374. 

of  sciatic  nerve,  480. 

Pupil,  changes  in  and  their  physiology,  114. 

mechanism  of  its  contraction  and  dila- 
tation, 130,  131,  134,  135. 

Remak,  fibers  of,  9. 
KcspiratioD,  center  of,  342. 
Retina,  blind  spot  of,  1 1  r>. 

construction  of,  117. 

papilla  of,  K6. 

Rolando,  fissure  of,  37,  42. 
Roots  of  spinal  nerves,  9. 

Saccule  of  the  labyrinth,  200,  206. 

Sacral  plexus,  457. 

articular  branches  of,  458,  459. 

muscular  branches  of,  458,  459. 

muscular  branches  of,  their  distribu- 
tion and  function,  462,  463,  464. 

table  of  its  branches,  458. 

Salaam  convulsions  of  Newnham,  270. 

Salivary  secretion,  center  of,  67. 

effects  of  section  of  fifth  nerve  upon, 

160. 

Scalp,  pain  of,  its  diagnostic  importance,  171. 

Sciatic  neuralgia,  478,  479,  480,  481. 

Second  cranial  nerve,  103. 

Sensory  impressions,  perception  of,  48. 

Seventh  cranial  nerve  (see  Nerve,  Facial),  177. 
Sight,  center  of,  50,  51,  52. 

effects  of  section  of  fifth  nerve  upon, 

160. 

Singing,  its  alteration  in  Duchenne's  disease, 
280. 

relations  of  spinal  accessory  nerve  to, 

266. 

Sixth  cranial  nerve  (see  Nerve,  Abducens), 
175. 

Skin,  nervous  distribution  to  (general  axi- 
om), 12. 


Smell,  effect  of  fifth  nerve  upon,  98. 
effects  of  section  of  fifth  nerre  upon, 

160. 

its  modifications  and  their  causes,  99. 

its  alterations  in  BelFs  paralysiii,  lOi 

its  modifications  in  animals  and  rac», 

98. 

its  relations  to  taste,  101. 

physiology  of  iu  production,  98, 

relations  of  act  of  sniflBng  to,  187. 

relations  of  the  facial  nerre  to,  187. 

special  centers  of,  62,  63. 

tests  for,  101,  102. 

Sneezing,  its  physiology,  99. 

Sommering,  yellow  spot  of,  105. 

Spasm  of  diaphragm,  due  to  phrenic  nerve, 

874,  876. 

of  gluteal  muscles,  461. 

of  lower  limbs,  481. 

of  muscles  of  the  hip,  452, 

of  quadriceps  extensor  muscle,  448. 

of  stemo-mastoid  and  trapeons  mus- 
cles, 269,  270. 

of  tongue,  283.  * 

Spasmodic  contraction  of  the  hip,  481. 

-. —  tabes,  829. 

Speech,  center  of,  82,  86. 

its  alterations  in  Duchcnne^s  diAcace, 

279. 
its  modifications  in  paralytic  dementia. 

281. 

muscles  connected  with,  S70. 

Spina  bifida,  its  clinical  relations  to  aero 

centers,  292. 
Spinal  cord,  287,  288. 

an  organ  of  conduction,  299. 

anterior  and  posterior  root  nmcs  of. 

297. 

anterior  fundamental  column  of,  29T. 

antero-lateral  columns  of,  298,  3<XX 

appearance  of  transverse  section  of. 

294. 

arrangement  of  its  sensory  fibers,  )«U. 

arrangement  of  motor  fibers  cf,  «01. 

as  a  nerve  center,  809, 

automatic  action  of,  304,  S12. 

cesthesodic  system  of,  313. 

central  canal  of,  295,  S06. 

central  myelitis  of,  338. 

classification  of  diaeaflet  of,  SI 5. 

clinical  points  pertaining  to«  312. 

columns  of,  290,  291. 

columns  of  Goll  and  Bnrdacb,  297, 309. 
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Spinal  cord,  columns  of  Goll,  Turck,  Bur- 
dacb,  their  physiology,  297,  298,  309. 

commissural  fibers  of,  801,  307,  309. 

commissures  of,  290,  296. 

construction    of    anterior    horns    of, 

294. 

decussation  of  sensory  and  motor  fibers 

of,  807,  308. 

degeneration  of  the  cells  of  anterior 

horns  of,  334. 

direct  cerebellar  column  of,  298. 

direct  and  crossed  pyramidal  columns 

of,  297. 

excitability  of,  300,  301. 

fissures  of,  290. 

fibers  of,  general  proportions  of,  809. 

focal  lesions  of,  839. 

focal  lesions  of,  above  lumbar  enlarge- 
ment, 346. 

focal  lesions  at  lumbar  enlargement  of, 

347. 

focal  lesions  of,  cervical  enlargement 

of,  342. 

focal  lesions  of  lateral  half  of,  348. 

focal  lesions  of  mid-dorsal  region  of, 

346. 

focal  lesions  of  upper  cervical  regions 

of,  342. 

functions  of,  299. 

functions  of  its  gray  matter,  300. 

general  construction  of,  289. 

gray  substance  of,  component  parts  of, 

296. 

its  gray  and  white  matter,  294,  295. 

its  investing  fluid,  292. 

kinesodic  system  of,  313. 

membranes  of,  292. 

myelitis  of  anterior  horn,  331. 

nerves  arising  from,  291. 

nerve  cells  of,  302,  303,  304,  305. 

non-systematic  or    focal   lesions    of, 

314,  315,  339. 

paths  of  motor  and  sensory  impulses 

ill,  290,  300. 

reflex  action  of,  310. 

sclerosis  of,  lateral  columns  of,  329. 

special  centers  of,  301. 

systematic  lesions  of,  313,  315. 

systematic  lesions  of,  scsthesodic  sys- 
tem of,  315. 

systematic  lesions  of,  kinesodic  sys- 
tem of,  325. 

trophic  function  of,  301. 


Spinal  cord,  white  substance  of,  component 
parts  of,  295. 

varieties  of  fibers  in,  802. 

vaso-motor  centers  of,  310,  311,  361. 

epilepsy,  845. 

hemiplegia,  848,  350. 

Spinal  nerves,  9,  365. 

nerves,  roots  of,  9,  366,  367. 

paralysis,  atrophic,  831. 

Stomach,  center  of  movement  of,  67. 

effects  of  section  of   pneumogastric 

upon,  252. 

Strabismus,  internal,  its  clinical  signifi- 
cance, 146,  149,  176. 

Suture,  coronal,  its  relation  to  the  fissure  of 
Rolando,  68. 

lambdoidal,  its  relation  to  the  external 

paricto-occipital  fissure  of  the  cere- 
brum, 68. 

Sympathetic  nerve,  7. 

communications  of,  9. 

distribution  of,  7. 

function  of,  7. 

cuts  of,  6-8. 

Tactile  sensation,  destniction  of,  49. 
Taste,  anaesthesia  of,  236. 

effect  of  choixia-tympani  nerve   on, 

160. 

effects  of  nerves  upon,  226. 

effects  of  section  of  fifth  nerve  upon, 

160. 

hypenesthesia  of,  285. 

its  clinical  relations,  235. 

its  relations  to  facial  paralysis,  198. 

its  relations  to  glosso-pharyngeal  nerve, 

224. 

limits  of  its  situation,  226. 

buds,  225,  226. 

Teeth,  chattering  of,  in  spasm,  164. 

grinding  of,  in  spasm,  164. 

Temperature  of  the  body,  its  relations  to 

focal  lesions  of  the  cord,  344. 
Tcndo  oculi,  its  function,  121. 
Tenth  cranial  nerve  (see  Nerve,  Pneumogas- 

tric),  236. 
Tetanoid  paraplcjiia,  329. 
Third  cranial  nerve  (see  Nerve,  Motoroculi), 

127. 
Tic-douloureux,  161. 
Tongue,  fibrillary  tremor  of,  283. 
furring  of,  its  clinical  significance,  170, 

224. 
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ToDgue,  its  relations  to  deglutition,  227,  229. 

nerves  of,  276,  277. 

paralysis  of,  283. 

spasm  of,  283. 

Trephining,  surgical  rules  for,  73. 
Trigeminus  nerve.  (See  Xerve,  Trigeminus.) 
Trochlear  ner\'e,  149. 

eflfect  of  paralysis  of,  150,  151. 

its  origin  and  function,  149,  150. 

Tumors,  cerebral,  their  symptoms,  164. 
Twelfth  cranial  nerve  (see  Nerve,  Hypo- 
glossal), 272. 

Upper  extremity,  motor  centers  of,  42. 
Utricle,  206. 

Vaso-motor  fibers  of  fifth  nerve,  163. 
Vestibule  of  labyrinth,  200,  204. 
Vision,  accommodation  of,  132. 


Vision,  centers  of,  86. 

colored  perceptions  of  objects,  50,  51. 

contraction  of  the  field  of,  49. 

deceptive,  its  clinical  significance.  Hi 

determination  of  di.*«tanei',  14»». 

its  abnormalities    and    thiir    cooffw 

qucnces,  109,  110. 

perception  of  color,  116,  lis,  Ms*. 

physiology  of  light  iH^-nsations,  115. 

tests  for,  112,  113. 

Visual  purple,  116. 

Voice,  its  relations  to  facial  diploiria,  If«7. 

nervous  supply  of  muscles  of,  263. 

relations  of  spinal  accessory  Di-rre  lo, 

264. 
Vomiting,  center  of,  67. 
ner\*ous,  238. 

Wrisberg,  nen-c  of,  177,  179. 
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